TELEVISION TAPE RECORDER 
INSTALLATION INFORMATION 


TY-41860-B 


INSTALLATION INFORMATION 

TRT-1B TELEVISION TAPE RECORDER 
GENERAL 
The RCA Television Tape Recorder is packaged for van shipment and consists 
of 2 major units for monochrome plus 1 additional unit for color (excluding 
headwheel panel assemblies and related accessories), The packing design is 
such as to enable the equipment to be skidded in either an upright or horizontal 
position. To help protect the equipment in transit, the packing should be left 


intact and removed only when ready to be placed in its final installation location. 


All necessary interconnecting cables are supplied including 2, 50 foot lengths of 


air hose and 1 interconnecting cable that allows separation of units up to 27 feet. 


Any special tools required during the initial installation or set-up of the TV 


Tape Recorder may be found in the Kit of Accessories, MI-40769-A. 


Equipment should be located in a well ventilated room having adequate circula- 
tion of dust-free cool air to dissipate the heat generated by the approximate 4 


KW power load. 


OVERALL DIMENSIONS 


Monochrome: Color: 


Width (5 cabinets in line) 9 ft. 5 1/2 in. Width (6 cabinets in line) 11 ft. 3 1/2 in. 


Height 84 in. Height 84 in, 
Depth 25 in, Depth 25 In; 
Floor area 16 1/2 sq. ft. Floor area 19,8: Sq. ft, 
WEIGHT 


Control Unit, MI-40768-B (3 racks) 1,450 lbs. includes van packing. 


Power Unit, MI-40767-B, 975 lbs. includes van packing. 


Color Rack, MI-40766-B, 295 lbs. includes van packing. 


INSTALLATION 

Interconnection of control unit and power unit is made by use: cf multi- 
conductor cable which is already terminated in the control unit. A rundown 
sheet showing inter-rack cable connections from the control unit to the power 
unit islocatedin envelope attached to rear of relay bank in rack 3, Maximum 
distance between center of control unit and center of power unit is 27 ft., 
however, on special order longer length interconnecting cable can be provided. 
All cabling to and from the control and power units may be via the overhead 
ducts, floor trenches, or through the base of the racks (notched bases are 
provided). Note: 27 ft. separation between units is based on floor trench 
installation. If over-head ducts are used, rack separation would have to be 


reduced to utilize existing inter-rack cable 


Be sure shipping supports are removed form the air pump assembly before 


applying power. 


Refer to Figure #1A, B, C, and D, for recommended equipment layout. 


POWER REQUIREMENTS 

Input power line rating is 117V + 5% AC 60 cycles, single or three phase. It is 
recommended that six 15 amp circuit breakers be provided per tape recorder. 
Refer to Figure #2 for breakdown of power requirements. When installing the 
color rack, MI-40766-B, an additional 15 amp breaker is required to supply 


power to color unit, The utility power input of the color rack may be 


connected to the same breaker to which the utility inputs 


power units are connected. 


Power Table 
TRT-1B 


AC Terminal Location Amperage Per Rack 


AC Input No. 1 3.5 amps 
Rack 1 
Term. Board l 
Pins 1&2 


AC Input No. 2 9.5 amps 
Rack 3 
Term. Board 1 
Pins 1&2 


AC Input 3 8.5 amps 
Rack 4 
Term. Board 1] 
Pins 1&2 


AC Input 4 
Rack Lier 4 
Term. Board g 
Pins 7 & 8 


8.0 amps 


AC Input 5 9.7 amps 
Rack 5 
Term. Board l 
Pins 1& 2 


Monochrome Total 39.2 amps 


AC Input 6 (Color Rack) 6.0 amps 
Rack 6 
Term. Board 1 
Pins 1& 2 


Color Total 45.2 amps 


Utility 
Rack 5 
Term. Beata 2 


Pins 11 & 12 


for the control and 


Watts Per Rack 


400 watts 


1050 watts 


825 watts 


800 watts 


975 watts 


4050 watts 


600 watts 


4650 watts 


ey 


Utility 


Rack 1 

Term. Board 1 

Pins 9 & 10 
Utility 

Rack 6 

Term. Board 1 

Pins 11 & 12 


Video: 


Program Audio: 


Microphone: 


Cue Audio: 


Microphone; 


Sync: 
Subcarrier: 


Color Bars: 


INPUT SIGNALS REQUIRED 


composite video signal in accordance with EIA and FCC 
specified color/monochrome signal standards. Composite 
signal level 0.5 to 1.45 V peak to peak. Input circuit may 
be bridged or terminated in -75 ohms + 1% unbalanced. 

~10 to +4 VU into 600 ohm balanced line matching input. 
-70 dbm into 150 ohms for recommended full level record- 
ing. 

0 to +8 VU into 600 ohm balanced line matching input. 

-70 dbm into 150 ohms for recommended full level record- 
ing. 

4V peak-to-peak terminated 75 ohms. 

3.58 MC. 1V P-P(used in color operation) 
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TEMPERATURE AND HUMIDITY 


The TV Tape Recorder will operate satisfactorily in areas where the ambient 


temperature. ranges Irom 40° to 100° F, however, for best operation the 


temperature variation should not exceed + 10° within this range. 


Humidity.range may be from 30% to 90%, the limiting.factor being the tape itself. 
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TRT-1A COLOR TAPE RECORDER FLOOR PLAN 


FIG. #1A 


NOTE: COLOR RACK MAY BE LOCATED ON 
EITHER THE RIGHT OR LEFT SIDE OF THE 
CONTROL UNIT. 
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ADDITIONAL TRT-1B FLOOR PLANS 
FIG. # 1B 


MI-40768-B Ml-40767-B 


CONTROL UNIT POWER UNIT 
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TRT-1B MONOCHROME RACK LAYOUT 
FIG. #1C 
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TRT-1B COLOR RACK LAYOUT 
FIG. #1D 
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ELECTRONIC RECORDING PRODUCTS 


INSTRUCTION BOOKS 


FOR 


TRT-IB TV Tape Recorder 


RADIO CORPORATION OF AMERICA 
INDUSTRIAL ELECTRONIC PRODUCTS, CAMDEN, N. LI. 


PRINTED IN U.S.A. 1B-30543-1 
WB 671 


FIRST AID 


WARNING 


OPERATION OF ELECTRONIC EQUIPMENT INVOLVES THE USE OF HIGH 
VOLTAGES WHICH ARE DANGEROUS TO LIFE. OPERATING PERSONNEL 
MUST AT ALL TIMES OBSERVE ALL SAFETY REGULATIONS. DO NOT 
CHANGE TUBES OR MAKE ADJUSTMENTS INSIDE THE EQUIPMENT WITH 


VOLTAGE SUPPLY ON. UNDER CERTAIN CONDITIONS DANGEROUS POTEN- 
TIALS MAY EXIST IN CIRCUITS WITH POWER CONTROLS IN THE OFF 
POSITION DUE TO CHARGES RETAINED BY CAPACITORS, ETC. TO AVOID 
CASUALTIES, ALWAYS DISCHARGE AND GROUND CIRCUITS PRIOR TO 


TOUCHING THEM. 


Personne] engaged in the installation, operation and maintenance of this equipment or 
similar equipment are urged to become familiar with the following rules both in theory 
and in the practical application thereof. It is the duty of every radioman to be prepared 
to give adequate First Aid and thereby prevent avoidable loss of life. 


ARTIFICIAL RESPIRATION 


(Courtesy of the American Red Cross) 
If victim is not breathing, begin some form of artificial respiration at once. Wipe out 
quickly any foreign matter visible in the mouth, using your fingers or a cloth wrapped 


around your fingers. 


MOUTH-TO-MOUTH (MOUTH-TO-NOSE) 


Fig. 4 


METHOD 


Tilt victim's head back. (Fig. t}. Pull 
or push the jaw into a jutting-out posi- 
tion. (Fig. 2). 


If victim is a small child, place your 
mouth tightly over his mouth and nose 
and blow gently into his lungs about 20 
times a minute. If victim is an adult 
(see Fig. 3), cover the mouth with your 
mouth, pinch his nostrils shut, and blow 
vigorously about |2 times a minute. 


if unable to get air into lungs of vic- 
tim, and if head and jaw positions are 
correct, suspect foreign matter in throat 
To remove it, place victim in position 
shown in Fig. 4, and slap sharply between 
shoulder blades. 


Rescuers who cannot, or will not, use 
mouth-to-mouth or mouth-to-nose techni que 
should use a manual method. 


THE BACK PRESSURE-ARM LIFT 
(HOLGER-NIELSEN) METHOD 


Place victim face-down, bend his elbows 
and place his hands one upon the other, 
turn his head slightly to one side and 
extend it as far as possible, making 
sure that the chin is jutting out. Kneel 
at the head of the victim. Place your 
hands on the flat of the victim's back 
so that the palms lie just below an im- 
aginary line running between the armpits 
(Fig. 5). 


Rock forward until the arms are approxi- 
mately vertical and allow the weight of 
the upper part of your body to exert 


steady, even pressure downward upon the 


hands (Fig. 6). 


Immediately draw his arms upward and to- 
ward you, applying enough lift to feel 
resistance and tension at his shoulders 
(Fig. 7). Then lower the arms to the 
ground. Repeat this cycle about 12 times 
per minute, checking the mouth fre- 
quently for obstruct ion. 


If a second rescuer is available, have 
him hold the victim's head so that the 
jaw continues to jut out (Fig. 8). The 
helper should be alert to detect any 
stomach contents in the mouth and keep 
the mouth as clean as possible at all 
times. 


If vomiting occurs, quickly turn the victim on his side, wipe out 
his mouth, and then reposition him. 


When a victim is revived, keep him as quiet as possible until he 
is breathing regularly. Keep him from becoming chilled and other- 


RELATED INFORMATION FOR BOTH METHODS 


wise treat him for shock. Continue artificial respiration until period. 


BURNS 


Rie 


es 


the victim begins to breathe for himself or a physician pro~ 
nounces him dead or he appears to be dead beyond any doubt. 


Because respiratory and other disturbances may develop as an 
aftermath, a doctor's care is necessary during the recovery 


FIRST DEGREE BURN 


SKIN REDDENED. Temporary treatment—Apply 
baking soda or Unguentine. 


SECOND DEGREE BURN 


SKIN BLISTERED. Temporary treatment — Ap- 
ply baking sode, wet compress, white 
petroleum jelly, foille jelly, olive oil, 
or tea. 


THIRD DEGREE BURN 


FLESH CHARRED. Temporary treatment — Ap- 
ply baking soda, wet compress, white 
petroleum jelly, or foille spray. Treat 
for severe shock. 


EQUIPMENT LOST OR DAMAGED IN TRANSIT 


When delivering the equipment to you, the truck driver or carrier's agent will present a receipt for your signature. 
Do not sign it until you have (a) inspected the containers for visible signs of damage and (b) counted the containers and 
compared with the amount shown on the shipping papers. If a shortage or if evidence of damage is noted, insist that 
notation to that effect be made on the shipping papers before you sign them. 


Further, after receiving the equipment, unpack it and inspect thoroughly for concealed damage, If concealed damage is 
discovered, immediately notify the carrier, confirming the notification in writing, and secure an inspection report. This 
item should be unpacked and inspected for damage WITHIN 15 DAYS after receipt. Report all shortages and damages to 
RCA, Broadcast and Television Department, Camden 2, N. J. 


Radio Corporation of America will file all claims for loss and damage on this equipment so long as the inspection report 
is obtained. Disposition of the damaged item will be furnished by RCA. 


REPLACEMENT PARTS AND ENGINEERING SERVICE 


RCA field enginecring service is available at current rates. Requests for ficld engineering service may be addressed to your 
RCA Broadcast Field Representative or the RCA Service Company, Inc., Broadcast Service Division, Camden, N. J. Telephone: 
WOodlawn 3-8000. 


When ordering replacement parts, please give symbol, description, and stock number of each item ordered. 


The part which will be supplied against an order for a replacement item may not be an exact duplicate of the original part. 
However, it will be a satisfactory replacement differing only in minor mechanical or electrical characteristics. Such 
differences will in no way impair the operation of the equipment. Parts with no stock numbers are standard components. They 
are not stocked by RCA and should be obtained from your local electronic parts distributor, 


The following tabulations list service parts and electron tube ordering instructions according to your geographical location. 


SERVICE PARTS 


LOCATION ORDER SERVICE PARTS FROM: 


Continental United States, including Alaska| RCA Parts and Accessories Department, P.O. Box 654, Camden, 

and Hawaii New Jersey or through your nearest RCA Regional Office. Emergency 
orders may be telephoned, telegraphed, or tcletyped to RCA Emer- 
gency Service, Bldg. 60, Camden, N. J. (Telephone: WO 3-8000). 


Dominion of Canada RCA Victor Company Limited, 1001 Lenoir Street, Montreal, Quebec 
or through your local Sales Representative or his office. 


Outside of Continental United States, Alaska, | RCA International Division, Clark, N. J., U.S.A. or through your local 
Hawaii and the Dominion of Canada Sales Representative. 


ELECTRON TUBES 


LOCATION ORDER ELECTRON TUBES FROM: 


Continental United States, including Alaska Lacal RCA. Tobe Disteibucne, 
and Hawaii 


Dominion of Canada RCA Victor Company Limited, 1001 Lenoir Street, Montreal, Quebec 
or through your local Sales Representative or his office. 


Outside of Continental United States, Alaska, |} Local RCA Tube Distributor or from: 
Hawaii and the Dominion of Canada Tube Department 
RCA International Division 
30 Rockefeller Plaza 
New York 20, New York, U.S.A. 


RETURN OF ELECTRON TUBES 


If for any reason, it is desired to return tubes, please return them through your local RCA tube distributor, RCA Victor Co. 
Ltd., or RCA International Div., depending on your location. 


Please do not return tubes directly to RCA without authorization and shipping instructions. 


It is important that complete information regarding each tube (including type, serial number, hours of service and reason 
for its return) be given. When tubes are returned, they should be shipped to the address specified on the Return Authorization 
form. A copy of the Return Authorization and also a Service Report for each tube should be packed with the tubes. 


LIST OF RCA SALES OFFICES 


Atlanta 3, Georgia Boston 16, Mass. Camden 2, N. J. Charlotte 4, N.C. 
1121 Rhodes-Haverty Bldg. Room 2301, John Hancock Bldg. , Building 15 504 Charlottetown Mall 
134 Peachtree St. N.W. 200 Berkley St. WOodlawn 3-8000 333-3996 
JAckson 4-7703 HUbbard 2-5765 
Chicago 54, Ill. Cleveland 15, Obio Dallas 35, Texas Detroit 39, Mich. 
1186 Merchandise Mart Plaza 1600 Keith Bldg. 7901 Empire Freeway 12605 Arnold St. 
DElaware 7-0700 CHerry 1-3450 FLeetwood 2-3911 KEnwood 4-5100 
Hollywood 28, Calif, Indianapolis, Ind. Kansas City 15, Missouri New York 20, New York 
RCA Bidg., 1560 N. Vine Sc. 501 N. LaSalle St. 7711 State Line Road 36 W. 49th St. 
WOtiywood 99-2154 WME Tose 659Z1 BMersen 1-O77% Wiesun CAWe 
Paterson, N. J. Portland 5, Oregon San Francisco 2, Cal;f. Seattle, Washington 
495 E. 30th St. 1208 S.W. 14th St. 420 Taylor St. 2250 First Ave., S. 
Mulberry 4-0972 CApitol 6-6828 ORdway 3-8027 MAin 2-8350 


Washington 6, D. C. 
1725 K St. N.W. 
BTE-6 FEderal 7-8500 
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Video Preamplifier 203 
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Audio Shelf Number 1. This section contains the following: 205 
Audio/Cue Playback Preamplifier 205A, 205G 
Audio/Cue Record Amplifier 205B, 205F 
Audio/Cue Oscillator 205C, 205E 
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Preamplifier Power Supply, Type BX-21A 206C 
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* The codes are abbreviations of the unit names. They are used as prefixes to page numbers and are also printed on the index 
tabs (except for the books in the Audio Shelf sections which have no tabs). 

*% The first digit of the unit number indicates the rack in which the unit is mounted, and the third digit, generally indicates 
the position of the unit starting from the top of the rack. (In some instances, because of design changes, the unit number 
does not correspond to chassis position. See the Rack Layout Diagram, figure IN-1, in the Introduction section.) 


+ For Cue Line Amplifier, Unit 206A, see Preamplifier, Type BA-21A under AS-1. 
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INTRODUCTION 


This loose-leaf binder contains separate instruction 
books on the individual units of the TRT-1B Tele- 
vision Tape Recorder, Since the information is in- 
tended as an aid to maintenance of the individual 
units the books are arranged in the same sequence as 
the units in the racks—one major division for each of 
the five monochrome racks, with the first book in 
each section corresponding to the unit at the top of 
the rack (except when one book serves two or more 
similar units in different locations). 


NOTE: When the accessory color rack is ordered, 
a sixth section containing books on the color chassis 
is shipped with the rack. 


Separator sheets with projecting tabs are provided 
to make the volume self-indexing. Red tabs locate the 
rack sections and shorter buff-colored tabs, the unit 
books. A code representing the name of the unit is 
printed on each short tab, (The codes are identified 
in the table of Contents.) 


Contents of Individual Books 


Each book contains detailed information on the 
particular unit aud enough system information to 
permit relating the unit to the rest of the machine. 
Although the contents of individual books vary, each 
book generally contains the following items: 


A. Front view photograph. 
B. Technical Data table. 

C. Block diagram. 
D 


. Description. 
1. Function of unit in tape recorder. 
2. Circuit. 
a. Simplified schematics. 
b. Waveforms, 

E. Setup For Operation—how to adjust front panel 
controls. (For reference only—complete operating 
procedure is given in separate Operation Manual.) 

F. Maintenance. 

1, Alignment and other maintenance adjustments. 
a. Test equipment required. 


b. Typical waveforms. 


IN-1 


2. Trouble shooting. 
a. Trouble shooting hints or chart. 
b. Typical waveforms, 


3. Parts Replacement. 
a. Mechanical assembly and disassembly 
(where required). 
b. List of parts, 
c. Photographs with parts identified, 
d. Wiring diagram (where required). 
4. Schematic diagram on extended page—tube 


socket voltage table on apron (usually)—point- 
to-point voltages on diagram itself. 


Rack Interconnection Diagrams and 
Rack Parts Lists 

To permit tracing chassis and rack wire connections 
(not coaxial cables) an interconnection diagram is 
included at the beginning of each rack section. A list 
of replacement parts for the rack itself is included on 
the apron of the diagram. (Replacement parts for the 
units in the rack are given in the individual books.) 


NOTE: Coaxial cable connections are shown in 
the Video Functional Diagram, figure IN-4, at the 
end of this section. Connections between the Oper- 
ations Center (Racks 1, 2, 3) and the Servo Unit 
(Racks 4, 5) made by the main installation cable 
are listed in figure IN-2. 


Additional Instruction Books on 
Overall Systems 

Overall system information on the tape recorder 
will be provided shortly in the following four addi- 
tional books: 


1. Description, TRT-1B TV Tape Recorder 
2. Operation Manual for TRT-1B TV Tape 


Recorder 

3. System Maintenance Manual, TRT-IB TV Tape 
Recorder 

4. Instructions, Color Processing System for TRT-IB 
TV Tape Recorder. (To be shipped with books on 
individual color chassis when accessory color rack is 
ordered.) 


System Diagrams 

The diagrams at the end of this section provide 
essential system information on the tape recorder. 
A description of each diagram is given in the follow- 
ing table: 


IN-2 


SYSTEM DIAGRAMS 


Figure No. Description 


INSTALLATION DIAGRAMS 


Rack Layout, Monochrome Typical floor-plan—Location of units in each rack by name and unit 
_ number—arrangement of chassis on two audio shelves. 


Inter-rack Connections List of connections between racks made by main installation cables. 


External AC Connections Connections to circuit breakers—Load on each circuit breaker. 


VIDEO AND SERVO SYSTEM DIAGRAMS 


Video Functional, Monochrome Shows signal flow of video, fm, and servo units, coaxial cable connections, 
and terminations. 


Waveform Diagram Shows relative timing of main servo and switching pulses, head scanning 
intervals, and sync. 


AUDIO SYSTEM DIAGRAMS 


Audio Functional Simplified block diagram showing audio signal flow. 


Audio System Schematic Combined schematic and block diagram showing connections between 
audio units. 


Audio Shelf Wiring Wiring between plug-in connectors, terminal boards and other compo- 
nents on two audio shelves. 


CONTROL AND DC POWER SYSTEM DIAGRAMS 


Control Functional Block diagram showing (very generally) which relays are controlled by 
pushbuttons on control panel or by other relays, 


Wiring Diagram, Control Wiring to connectors on control panel and relay bank. 
Panel and Relay Bank 


DC Power Distribution Shows how power from 280-volt and —150-volt de supplies is distributed 
to the various units, and which units of the video and fm system are 
energized in record or playback modes. 
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INTSRRACK CABLE CONNECTIONS 


Racks 4 and 5, and Operations Center, Racks 1, 2, and 3] 


MI ~ 40768~B 
Rack 4 Rack 5 Reck 5 continued 
4Tpe-4 White/Green/Blue 3113 22~-F 5TB1-9 Shield 2TB3-4 506-J5—11 White/Black/Orenge 200~TBE-3 
4TB2~5 White/Green/Violet 311d 22-D 5TB1-10 Blue ee White/Blue/Red 2TB3-1 506-35~-12 White/Black/Yellow 200-TB6—4 
4TB2~6 White/Green/Gray 311d 22-B 5TBI-11 Cable White/Blue/Black 2TB3-2 506-J35~9 White/Black/Ked 20.5~TBE- 2 
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WARNING 


OPERATION OF ELECTRONIC EQUIPMENT INVOLVES THE USE OF HIGH 
VOLTAGES WHICH ARE DANGEROUS TO LIFE. OPERATING PERSONNEL 
MUST AT ALL TIMES OBSERVE ALL SAFETY REGULATIONS. DO NOT 
CHANGE TUBES OR MAKE ADJUSTMENTS INSIDE THE EQUIPMENT WITH 
VOLTAGE SUPPLY ON. UNDER CERTAIN CONDITIONS DANGEROUS POTEN- 
TIALS MAY EXIST IN CERCUITS WITH POWER CONTROLS IN THE OFF 


POSITION DUE TO CHARGES RETAINED BY CAPACITORS, ETC. TO AVOID 
CASUALTIES, ALWAYS DISCHARGE AND GROUND CIRCUITS’ PRIOR TO 


TOUCHING THEM. 


Personnel engaged in the installation, operation and maintenance of this equipment or 
similar equipment are urged to become familiar with the following rules both in theory 
and in the practical application thereof. It is the duty of every radioman to be prepared 
to give adequate First Aid and thereby prevent avoidable loss of life. 


ARTIFICIAL RESPIRATION 


(Courtesy of the American Red Cross) 
If victim is not breathing, begin some form of artificial respiration at once. Wipe out 
quickly any foreign matter visible in the mouth, using your fingers or a cloth wrapped 


around your fingers. 


MOUTH-TO-MOUTH (MOUTH-TO-NOSE) 


Fig. 4 


METHOD 


Tilt victim's head back. (Fig.!). Pull 
or push the jaw into a jutting-out posi- 
tion. (Fig. 2). 


If victim is a small child, place your 
mouth tightly over his mouth and nose 
and blow gently into his lungs about 20 
times a minute. If victim is an adult 
(see Fig. 3), cover the mouth with your 
mouth, pinch his nostrils shut, and blow 
vigorously about 12 times a minute. 


If unable to get air into lungs of vic- 
tim, and if head and jaw positions are 
correct, suspect foreign matter in throat, 
To remove it, place victim in position 
shown in Fig. 4, and slap sharply between 
shoulder blades. 


Rescuers who cannot, or will not, use 
mouth-to-mouth or mouth-to-nose technique 
should use a manual method. 


THE BACK PRESSURE-ARM LIFT 
(HOLGER-NIELSEN) METHOD 


Place victim face-down, bend his elbows 
and place his hands one upon the other, 
turn his head stightly to one side and 
extend it as far as possible, making 
sure that the chin is jutting out. Kneel 
at the head of the victim. Place your 
hands on the flat of the victim's back 
so that the palms lie just below an im- 
aginary line running between the armpits 
(Fig. 5). 


Rock forward until the arms are approxi- 
mately vertical and allow the weight of 
the upper part of your body to exert 
steady, even pressure downward upon the 

hands (Fig. 6). ) 


Immediately draw his arms upward and to- 
ward you, applying enough lift to feel 
resistance and tension at his shoulders 
(Fig. 7). Then lower the arms to the 
ground. Repeat this cycle about 12 times 
per minute, checking the mouth fre- 
quently for obstruction. 


If a second rescuer is available, have 
him hold the victim's head so that the 
jaw continues to jut out (Fig. 8). The — 
helper should be alert to detect any 
stomach contents In the mouth and keep 
the mouth as clean as possible at all 
times. 


RELATED 


If vomiting occurs, quickly turn the victim on his side, wipe out 


his mouth, and then reposition him. 


When a victim is revived, keep him as quiet as possible until he 
is breathing regularly. Keep him from becoming chilled and other~ 


INFORMATION FOR BOTH METHODS 


the victim begins to breathe for himself or a physician pro- 


nounces him dead or he appears to be dead beyond any doubt. 


wise treat him for shock. Continue artificial respiration until period. 


FIRST DEGREE BURN 


SKIN REDDENED. Temporary treatment—Apply 
baking soda or Unguentine. 


BURNS 


SECOND DEGREE BURN 


SKIN BLISTERED. Temporary treatment — Ap- 
ply baking sode, wet compress, white 
petroleum jelly, foille jelly, olive oil, 
or tea. 


Because respiratory and other disturbances may develop 
aftermath, a doctor's care is necessary during the recovery 


THIRD DEGREE BURN 


FLESH CHARRED. Temporary treatment -~ Ap- 
ply baking soda, wet compress, white 
Petroleum jelly, or foille spray. Treat 
for severe shock. 


as an 


PREFACE 


This manual contains recommended procedures for operators of the RCA TRT-1B TV Tape Recorder. 
No description or theory is included. However, three system drawings, the Rack Layout Diagram, Video 


Functional Diagram, Monochrome, and Video Functional Diagram, Color are provided for reference at the 
back of the book. 


NOTE: For a functional description of the tape recorder refer to the separate book entitled 
Description, TRT-1B TV Tape Recorder. 


Each RCA TV Tape Recorder is equipped with a CRO and a monochrome 17-inch picture monitor. 
For monochrome, no additional test equipment should be required. For color, an RCA TM-21 Color Monitor, 
which is not part of the tape recorder, is also required. 


Before each recording or playback for air, the Cleaning Procedures in Section II-A and either the 
Monochrome Setup or Color Setup in Section II-B should be followed. Then specific checks for the desired 
operation (recording or playback) should be made as in Section II-C. When results indicate that alignment 
is required the appropriate adjustment should be performed as directed in Section IV-A. 


If any performance requirement given in this manual cannot be met, adjustments or repairs should be 
made as directed in the unit instruction books or System Maintenance Manual. 
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Figure 1—Operations Center, TRT-1B TV Tape Recorder 


SECTION | 
GENERAL INFORMATION 


This section briefly describes the operations which Operating Modes 
can be performed with the TRT-1B TV Tape Re- The following table describes the operating modes 
corder and provides general information supple- which can be selected by pressing the buttons on the 
mentary to the procedures given in later sections. control panel. 


OPERATING MODES 


MAIN MODES 


MASTER RECORD RECORD Records on all tracks (video, audio, cue, and control), Permits 
monitoring audio and control tracks via simultaneous play- 
back heads. Permits monitoring video signal and picture via 
direct (back-to-back) connection between modulator and de- 
modulator. 


PLAYBACK Plays back all tracks. 


WIND Permits winding tape in either direction at desired speed by 
use of continuous FORWARD-REVERSE control. 


STOP Stops all activity but does not remove power from filaments or 
power supplies.* 


AUXILIARY MODES 


AUDIO RECORD#** AUDIO RECORD Records signal on audio track only while playing back all other 
tracks. 


CUE RECORD** CUE RECORD Records on cue track only while playing back all other tracks. 


SETUP SETUP Places machine in MASTER RECORD mode without tape 
motion to permit adjustments. 


STANDBY STANDBY Places machine in PLAYBACK mode without tape motion. 
Used for preliminary servo adjustments. Also permits fast entry 
into playback mode.* 


RE COPY MODES 
(Used only when two machines are interconnected for making rf copies) 


RF COPY—SETUPt RF COPY} and SETUP buttons Feeds rf output of modulator in master machine to rf copy 
on master machine. RF COPY input of slave machine, Used only for monitoring and adjust- 
button only, on slave machine. ment of rf levels before making copies. 


RF COPY+ RF COPY¢ and PLAY buttons On slave machine, records rf copy of tape being played back 
on master. RF COPY and on master machine. 
RECORD buttons on slave, 


* When machine is in STOP, STANDBY, or WIND modes and NORMAL-MOD-DEMOD switch is in MOD-DEMOD posi- 
tion both the modulator and demodulator are energized and connected to permit monitoring and adjustments. In other modes 
the NORMAL-MOD-DEMOD switch has no effect. 


* Machine can be in both AUDIO RECORD and CUE RECORD modes. Either mode can then be released separately by press- 


ing release button above corresponding mode selector button. 


+ RF COPY circuit can be released either by pressing release button above RF COPY button, or placing machine in STOP 
or WIND modes, 


+ The names of these modes refer to the overall condition of the two machines considered as a unit. 
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Figure 2—Closeup of Control Panel 
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Mode Switching Restrictions 

In general, it is possible to switch from a given 
mode to any other mode except for a few restrictions 
which prevent damage to the tape or the machine 
(such as switching directly from the WIND mode to 
the RECORD or PLAY modes). These restrictions 
are imposed automatically by electrical interlocking 
and are listed in the following table. 


NOTE: Any mode can be entered if the STOP 
button is pressed first. 


MODE SWITCHING RESTRICTIONS 


Cannot Be Switched 
ene a 


PLAY, or any RECORD SETUP or STANDBY 
mode 


STANDBY 

WIND 

RF COPY 

MASTER RECORD 


MASTER RECORD or SETUP 
Any mode but STOP 
STANDBY 

AUDIO or CUE RECORD 


Remote Control 


If a remote control panel (MI-40716D) is connected 
to the recorder the machine can be operated from the 
remote panel whenever the REMOTE-LOCAL switch 
on the local control panel in rack 3 is placed in the 
REMOTE position. The STOP, PLAY, and RECORD 
modes on the remote panel are identical to those on 
the local panel but the WIND mode of the local 
panel is replaced by the FAST FORWARD and FAST 
REVERSE modes. 


NOTE: Connections are provided on the tape re- 
corder for remote control of additional modes not 
obtainable on the remote control panel. 


Choice of Monochrome or Color Standards 
To permit choice of standards two switches are 
provided: the CHROME-MONDO switch on the modu- 
lator unit and the COLOR-VAR-MONO switch on 
the demodulator. During recording both switches must 
be in corresponding positions (for either color or 
monochrome). During playback, the demodulator 
switch must be in the position corresponding to the 
standard used when the recording was made. 


The VAR position of the demodulator switch is 
used only when playing back a monochrome tape 
recorded with non-standard pre-emphasis. When the 
switch is in this position, the VAR-DE-EMP control 
on the demodulator permits adjusting the de-emphasis 
as required. 


NOTE: For normal color operation of a recorder 
equipped with an accessory color rack, the TEST- 
OPERATE switch on the burst oscillator unit must 
be in the OPERATE position. The TEST position is 
usually used only to permit maintenance on the 
color rack while the rest of the machine operates 
on monochrome. This position does not affect the 
standards selected by the switches on the modulator 
and demodulator but causes color tape to be repro- 
duced in monochrome (no burst). 


Choice of Reference Syne 

Two switches on the control panel (RECORD 
LOCK and PLAY LOCK) permit selection of the 
main timing source for locking the servo systems of 
the tape recorder. In the RECORD or SETUP modes 
the RECORD LOCK switch permits selection of 
either separated sync derived from the incoming 
video signal (SIG SYNC position) or local sync 
(GEN SYNC position). In the PLAYBACK or 
STANDBY modes the PLAY LOCK switch permits 
selection of either local sync (GEN SYNC position) 
or the power line (LINE SYNC). Normally, both 
switches are kept in the GEN SYNC position. 


Manual or Automatic Operation of 
Vacuum Guide 

A toggle switch marked GUIDE POSITION, on 
the control panel, permits choice of manual or auto- 
matic operation of the vacuum guide in the PLAY- 
BACK mode. Normally, the switch is kept in the 
AUTOMATIC position. However, during adjust- 
ments, the switch may be placed in the MANUAL 
position, The PLAY GUIDE POSITION control 
(outer knob) directly beneath the switch then becomes 
effective and may be used to adjust the position of the 
vacuum guide to obtain desired pressure, or to elimi- 
nate jogs in the picture. 


Two white lamps are provided to indicate whether 
the guide is in manual or automatic operation, When 
the switch is on AUTOMATIC, normally only the 
AUTOMATIC lamp lights. However, occasionally, 
when playing back a tape, both lamps may light for 
a short time. This indicates that a relay circuit has 
temporarily switched the vacuum guide servo to 
manual operation to improve reliability. 


NOTE: In the RECORD mode the MANUAL- 
AUTOMATIC switch has no effect and the guide 
position is determined by the setting of the inner 
knob of the GUIDE POSITION control. This knob 
is normally set at zero and locked in position. 


Use of Microphone Plugged Into Audio Panel 
To permit recording on either the audio or cue 

tracks by use of the microphone supplied with the 

tape recorder a microphone jack (MIC IN), a selector 
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switch (MIC INPUT SEL) and an attenuator (MIC 
ATTEN) are provided on the audio panel (Unit 204) 
in rack 2. For normal recording by use of the incom- 
ing audio and cue lines the MIC INPUT SEL switch 
is kept in the OFF position. For recording with the 
microphone the switch is placed in either the AUDIO 
or CUE position, as desired, and the MIC ATTEN 
control is adjusted so that the VU meter on the 
control panel in rack 3 reads O at the peaks. Two 
red indicator lamps are provided adjacent to the 
AUDIO and CUE positions of the selector switch. 
When the switch is in either of these positions the 
corresponding lamp flashes to indicate that the in- 
coming audio or cue line is cut off. 


IMPORTANT: When the microphone is not in use 
amake certain that the MIC INPUT SEL switch is in 
the OFF position (both red lamps off). If .this is 
not done the information coming over the audio or 
cue lines will not be recorded. 


Tape Handling 

Magnetic properties of video tape are stable for 
years unless altered by strong magnetic fields. If un- 
satisfactory recordings are obtained a frequent cause 
is poor head-to-tape contact. This may be due to 
improper tape handling, heads that are not clean, or 
distortion of the tape base material. For uniform high 
quality results observe the following precautions: 


1. Keep tape away from strong magnetic fields. 
Permanent magnets and strong electromagnets can 
cause erasure if placed within a few inches of the 
tape. 

2. Do not leave tapes exposed when they are not 
in use. Tapes should be wound on reels and stored in 
a dust-proof polyethylene bag which is put back in 
the original box. To prevent damaging the reels store 
the boxes on end. 


3. When tapes is handled, as during splicing, clean 
white gloves should be worn, During loading and 
unloading of the recorder, gloves are not essential 
but are generally recommended. 


4. Keep the heads, guides, and other items in 
the tape path clean. (See Cleaning Procedures in 
Section II). 


5. Record and play back tapes in the same range 
of ambient temperatures. Do not use direct heat such 
as lamps to warm up a tape. 


Tape Splicing 

To permit making splices without danger of roll- 
over during playback, the correct places to cut the 
tape are indicated by 30-cycle frame pulses recorded 
at 14-inch intervals on the control track, To make 
these pulses visible a carbonyl-iron suspension such 
as VistMag must be applied to the tape before making 
the cut. Because of the time relations between the 
servo systems and sync, vertical sync is always recorded 
on track number 1, and the frame pulses are recorded 
between tracks 3 and 4, 


For making splices, the MI-40772 Magnetic Tape 
Splicer is recommended, Instructions for use are sup- 
plied with the splicer. 


Tape Threading 

The tape threading path is shown in the photo- 
graph, figure 3. To install a reel of tape proceed as 
follows: 


1. Press STOP button. Turn the knob of the lower 
reel hub counterclockwise until it stops, and place 
an empty reel on the hub. Turn the hub knob clock- 
wise until the pawls engage and the reel is fastened 
securely against the rear flange. 


2. Install the reel of tape on the upper hub as in 
step 1. Step on the foot switch to release the reel 
brakes and thread the tape as follows: 


a. Pass the tape under the upper tension arm, 
over the upper air guide, past the master erase head. 
Open headwheel panel cover and then insert the tape 
between the headwheel and vacuum guide. 


b. Insert the tape in the slot of the audio head 
compartment. It is not necessary to open the door of 
the compartment. 

c. Pass the tape between the capstan and pres- 
sure roller, around the tape timer capstan and over the 
lower tension arm, 

d. Wind one or two feet on the lower reel by 
turning lower reel counterclockwise, by hand. Then 
continue turning the reel until the slack is taken up 
and tension is applied to both the lower and upper 
tension arms, 


NOTE: The brake-release foot-switch plugs into a 
receptacle in the base of the rack assembly at the 
bottom of rack 2. The switch is inoperative when the 
machine is in either the RECORD or PLAYBACK 
modes. 


— 
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SECTION II 
ROUTINE OPERATING PROCEDURE 


A. CLEANING PROCEDURES 


For proper operation of the tape recorder all parts 
of the machine along the tape path must be kept 
clean, Among the defects that can be caused by dirt 
or by an accumulation of oxide from the tape coat- 
ing are: 

1. Drop-outs (white flashes) in the picture which 
may be due to oxide between the heads. 

2. Dots occurring at a 960-cycle rate, due to tape 
scratches. 

3. Scallops in the picture, due to lack of concen- 
tricity between the tape and the headwheel (caused 
by oxide in the vacuum guide), 

4. Poor tracking due to tape slippage on the 
capstan. 

To keep the equipment clean, the procedures given 


in the following paragraphs should be performed 
before each recording or playback for air. 


Equipment Required 

The following equipment is required during the 
cleaning procedure: 

1, Lint-free tissues. 

2, Solvent such as Freon T.F. 

3, Cleaning tool for air holes in the air guides 
(MI-40769A, Item 15). 

Instead of the recommended Freon T.F., Chloro- 
thene (available from any chemical supply agency) 
may be used. However, use of Chlorothene will soften 


the oxide binder of the tape. Freon T.F. solvent can 
be purchased from: 


John B. Moore Corporation 
Peerless Building 

P.O. Box No. 3 

Nutley, New Jersey 


Cleaning Tape Transport Panel 

Clean the following items on the Tape Transport 
Panel with a lint-free tissue moistened with the 
solvent, (See figure 3 for location of items.) 


1. Upper tension arm 

2. Upper air guides 

3. Master erase head 

4. Audio heads (open door to reach heads) 


. Lower air guide 


. Capstan 


. Counting roller 


5 
6 
7. Capstan pinch roller 
8 
9. Lower tension arm 


Check the upper and lower air guides daily to 
make certain that the air holes are clean, To do this 
press the SETUP button on the Control Panel (with 
no tape in the machine) and check each hole for 
escaping air. If a hole is clogged clean it by inserting 
the wire end of the air-hole cleaning tool in the hole. 
Take care to avoid scratching the tape supporting 
surfaces. 


UPPER 
TENSION 
ARM 


MASTER 
ERASE 
HEAD 


AUDIO 
HEADS 
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Figure 3—Tape Transport Panel 
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Figure 4-—Headwheel Panel, Vacuum Guide Open 


Figure 5—Headwheel Panel, Vacuum Guide Closed 


Cleaning Headwheel Panel 

Since cleanliness of the video heads and vacuum 
guide is particularly important, give special attention 
to cleaning these parts as directed in the following 
procedure. (See figures 4 and 5 for identification of 
parts.) 


1, Turn the two captive screws in the protective 
cover of the headwheel panel in a counterclockwise 
direction and pull the cover forward until it comes off. 


2. Open the vacuum guide by pressing the vacuum 
guide release lever to the right, and at the same time 
pushing the vacuum guide to the left until it pivots 
upward. 


3. Hold the lint-free tissue saturated with the sol- 
vent (Freon or Chlorothene) on the headwheel, and 
rotate the headwheel by turning the tone wheel by 
hand. 


4, Clean the vacuum guide by wiping the face with 
a lint-free tissue saturated with the solvent until all 
dirt and oxide accumulations are removed. Take care 
to protect the tape-supporting surfaces from scratches. 
Make sure that the vacuum passages in the vacuum 
guide are clear. 


5. Clean inclined plane roller (see figure 4). 


6. Press the vacuum guide release lever to the right, 
and while holding it in this position, swing the 
vacuum guide back to its original position. 

7. Clean eccentric shaft roller. Do not allow clean- 
ing fluid to enter ball bearing assembly. 


B. INITIAL SETUP PROCEDURES 


Before each use of the machine perform either the 
Monochrome Setup or Color Setup as required, Each 
of these procedures applies to both recording and 
playback. Additional procedures required specifically 
before either recording or playback are given in 
Section II-C. 


NOTE: The MONITOR and OSCILLOSCOPE 
pushbutton switches mentioned in the procedure 
are on the CRO/Monitor Switcher. 


Monochrome Setup 
1. Feed either a monoscope or window test signal 
into the tape recorder. 


2. Calibrate the CRO with the internal 1-volt cali- 
bration signal as follows: 


a. Place VIDEO-CAL switch on CRO in the 1.0 
position. 
b. Turn V GAIN switch to MED position, 


c. Adjust V CENT control until calibration pulse 
is centered on the screen. 
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d. Adjust V GAIN FINE control until the am- 
plitude of the calibration pulse is 140 I.R.E. units as 
indicated by the rulings on the graticule. 


e. Return VIDEO-CAL switch to MON position. 


3. Press OSCILLOSCOPE VID IN button and 
adjust VIDEO GAIN control on the Input Distribu- 
tion Amplifier (D.A. no. 1) for a reading of 1.0 volt 
(140 LR.E. units) from sync tip to white. 


4, Place the machine in STANDBY mode by press- 
ing STANDBY button on Control Panel, and place 
the PLAY LOCK switch in the GEN SYNC position. 
Place NORMAL-MOD-DEMOD switch in MOD- 
DEMOD. 


5. Adjust the controls on the Modulator chassis 
for the correct FM carrier frequencies at the tip of 
sync and at white level as follows: 

a. Turn the rotary switch to the MONO position. 

b. Place the toggle switch in the SYNC TIP 
position. 

c. Adjust the slug marked F.M. CAR. FREQ. for 
maximum deflection on the DEVIATION TEST 
meter. 

d. Place toggle switch in WHITE TIP position 
and adjusts DEVIATION CONTROL for maximum 
meter reading. 

e. Return toggle switch to SYNC TIP position 
and leave it there during operation. 


6. Place the CHROME-MONOCHROME SWITCH 
on the Demodulator in the MONOCHROME posi- 
tion. 

7. Press OSCILLOSCOPE DEMOD button and ad- 
just VIDEO GAIN control on the Demod. Output 
Distribution Amplifier for 1.0 volt on the CRO (140 
I.R.E. units). 

8. Press OSCILLOSCOPE LINE OUT button and 
make the following adjustments on the Processing 
Amplifier while observing the CRO. 

a. Video Level. Adjust VID LEVEL control until 
the peak-to-peak video voltage, not including pedestal 
and sync, is 100 I.R.E. units. 

b. Black Level. Adjust PEDESTAL control for 
proper setup according to individual requirements, 

c. Syne Amplitude. Adjust SYNC LEVEL con- 
trol for proper sync amplitude (40 I.R.E. units), 


9. Press MONITOR LINE OUT button and make 
the following tests on the Processing Amplifier while 
observing the picture monitor: 


a. Stability Test. Hold down STABILITY TEST 
button on Vertical Advance Module and rotate STA- 
BILITY TEST knob throughout its range. Normally, 
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the picture should not change. If any effects are visi- 
ble, maintenance is required on the Vertical Advance 
Module. 

b. Horizontal Lockup. Press and release button 
on Horizontal AFC Module. Normally, horizontal 
lockup should occur as soon as button is released. If 
this does not occur hold down the button and rotate 
the 31.5 KC FREQ. SET screwdriver adjustment until 
the picture is as nearly stationary as possible. 


10. Press OSCILLOSCOPE LINE OUT button and 
check the video signal on the CRO for normal widths 
of vertical and horizontal blanking, horizontal sync, 
and front porch according to individual requirements. 
If any of these widths are incorrect, maintenance 
adjustments are required. 


Color Setup 

1. Apply a color bar test signal having a split field 
with a 100% white bar to the input of the tape 
recorder. 


2. Calibrate the CRO with the internal 1 volt cali- 
bration signal as follows: 
a. Place VIDEO-CAL switch on CRO in the 1.0 
position. 
b. Turn V GAIN switch to MED position. 


c. Adjust V CENT control until calibration pulse 
is centered on the screen. 


d. Adjust V GAIN FINE control until the 
amplitude of the calibration pulse is 140 I.R.E. units as 
indicated by the rulings on the graticule. 


e. Return VIDEO-CAL switch to MON position. 


3. Press OSCILLOSCOPE VID IN button and 
adjust VIDEO GAIN control on the Input Distribu- 
tion Amplifier for a reading of 1.0 volt (140 LR.E. 
units) from sync tip to white. 


4, Place the machine in STANDBY mode by press- 
ing STANDBY button on Control Panel, and place 
the PLAY LOCK switch in the GEN SYNC position. 
Place NORMAL-MOD.-DEMOD switch in MOD. 
DEMOD. 


5. Adjust the controls on the Modulator chassis for 
the correct FM carrier frequencies at the tip of sync 
and at white level as follows: 

a. Turn the rotary switch to the CHROME 
position. 

b. Place the toggle switch in the SYNC TIP 
position. 

c. Adjust the slug marked F.M. CAR. FREQ. for 
maximum deflection on the DEVIATION TEST 
meter. 


d. Place toggle switch in WHITE TIP position 
and adjust DEVIATION CONTROL for maximum 
meter reading. 

e. Return toggle switch to SYNC TIP position 
and leave it there during operation. 


6. Place the CHROME-MONOCHROME switch on 
the Demodulator in the CHROME position. 


7. Press OSCILLOSCOPE DEMOD button and ad- 
just VIDEO GAIN control on the Demod. Output 
Distribution amplifier for 1.0 volt on the CRO (140 
I.R.E. units). 


8. Adjust the MONOCHROME and CHROME 
GAIN controls on the Chroma Processor as follows: 
a. Insert the test probe of the CRO into the VID 
IN jack on the Input and Blanking Module of the 
Processing Amplifier in Rack 3. (The signal at this 
point is the output of the Chroma Processor.) Place 
VIDEO/CAL switch of oscilloscope in TEST position. 
Observe the CRO and adjusts MONOCHROME GAIN 
control until the amplitude between the sync tip and 
the top of the white bar is 140 I.R.E. units. 

b. Adjust the CHROME GAIN control of the 
Chroma Processor until the levels of the chroma 
signal in the various color bars are normal, 

c. Disconnect the test probe from the Processing 
Amplifier and return the VID/CAL switch of the 
oscilloscope to the MON position. 


9. Press OSCILLOSCOPE LINE OUT button and 
make the following adjustments on the Processing 
Amplifier while observing the CRO. 

a. Video Level. Adjust VID LEVEL control 
until the peak-to-peak video voltage, not including 
pedestal and sync, is 100 I.R.E. units. 

b. Black Level. Adjust PEDESTAL control for 
proper setup according to individual requirements. 

c. Syne Amplitude. Adjust SYNC LEVEL con- 
trol for proper sync amplitude (40 LR.E. units). 


10. Press MONITOR LINE OUT button and make 
the following tests on the Processing Amplifier while 
observing the picture monitor: 

a. Stability Test. Hold down STABILITY TEST 
button on Vertical Advance Module and rotate STA- 
BILITY TEST knob throughout its range. Normally, 
the picture should not change. If any effects are visi- 
ble, maintenance is required on the Vertical Advance 
Module. 

b. Horizontal Lockup. Press and release button 
on Horizontal AFC Module. Normally, horizontal 
lockup should occur as soon as button is released. If 
this does not occur hold down the button and rotate 
the 31.5 KC FREQ, SET screwdriver adjustment until 
the picture is as nearly stationary as possible. 


11. Press OSCILLOSCOPE LINE OUT button and 
check the video signal on the CRO for normal widths 
of vertical and horizontal blanking, horizontal sync, 
and front porch according to individual requirements. 
If any of these widths are incorrect, maintenance 
adjustments are required. 


12. Adjust BURST control on Processing Amplifier 
for normal burst level (40 I.R.E. units). 


13. On the Color Monitor Switcher press the VID 
IN button and adjust the phase of the TM-21 Color 
Monitor while watching color bars on blue screen. 
To do this proceed as follows: 


a. Place the Color Monitor TEST switch on 
UNITY CHROMA (position 4) and the SCRN SEL 
switch on B (blue screen). 

b. Adjust the BRIGHTNESS control until the 
areas between the blue bars are just extinguished. 


c. Adjust the PHASE control until the four blue 
bars have equal intensity. 


NOTE: Leave the SCRN SEL switch of the color 
monitor on B (blue screen) until the end of step 17. 


14, Press DEMOD OUT button on Color Monitor 
Switcher and observe the Color Monitor, The appear- 
ance of the blue bars should be the same as in 
step 13C. 


15. On the Color Monitor Switcher press COLOR 
PROC button and adjust the OSC. PHASE control 
(C-34) on the Burst Oscillator chassis for correct 
phase while observing blue bars on the TM-21 Color 
Monitor. (The appearance of the blue bars should be 
the same as in step 13C.) 


16. Press the LINE OUT button on the Color 
Monitor Switcher and adjust the RECORD PHASE 
COARSE and FINE controls of the Processing Ampli- 
fier in rack 3 for correct phase while observing blue 
bars on TM-21 Color Monitor. 


17. Place the VERTICAL response selector on the 
CRO in the HP (high-pass filter) position. Press the 
VID IN button of the OSCILLOSCOPE switch and 
note the chroma level on the CRO. Press the LINE 
OUT button of the OSCILLOSCOPE switch and ad- 
just the CHROMA gain control on Color Module of 
Processing Amplifier for the same level as the VID 
IN signal. Switch back and forth between the VID 
IN and LINE OUT buttons to make certain that the 
two levels are the same. Return the SCRN SEL switch 
on the TM-21 Color Monitor to the RGB position and 
stop machine, 


18. Load the machine with a color recording. (A 
standard practice is to record a one-minute interval 
of color bars at the beginning of each color recording 
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to permit an accurate adjustment of the Four-Channel 
Equalizer.) 


19. Play back the color bar section of the color tape 
and make the following adjustments: 


a. Press LINE OUT button on Color Monitor 
Switcher and adjust the HF COMP-CH-1, CH-2, 
CH-3, and CH-4 controls on the Four-Channel 
Equalizer chassis until no bands are visible in the 
red bar. 


b. Press 2 X 1 OUT button of OSCILLOSCOPE 
switch and adjust the GAIN CH-1, CH-2, CH-3, and 
CH-4 controls on the Playback Delay Amplifier for 
equal levels (100 I.R.E. units). 


c. Press DEMOD OUT button on OSCILLO- 
SCOPE switch and place the response selector switch 
on the oscilloscope in the HP position. Adjust the H. 
FREQ. COMP. control on the 2 X 1 Switcher for 
normal chroma level on the CRO. 


d. Press LINE OUT button on Color Monitor 
Switcher and turn the SCRN SEL switch of the Color 
Monitor to B. Then adjust the PLBK PHASE control 
on the Processing Amplifier while observing blue bars 
on the Color Monitor. 


NOTE: If indications of poor signal-to-noise ratio 
oc poor head matching (particularly reddish and 
greenish bands in the yellow bar) are obtained dur- 
ing playback of the test recording, perform the 
Video Head Optimization for Color procedure given 
in the individual instruction book for the Head- 
wheel Panel, Unit 200-A. 


C. FINAL CHECKS 

Before each recording or playback for air make 
certain that the recorder has been cleaned according 
to Section II-A and that the initial setup procedure 
for either monochrome or color, as required, has been 
performed according to Section II-B. Then complete 
the procedure by making the checks corresponding to 
the desired operation given in the following para- 
graphs. 


Checks Before Recording 

1, Check the Vacuum Guide position and pole-tip 
penetration by playing back the RCA Vertical Bar 
Alignment Tape (MI-40771-B) as directed in Section 
IV-A, Vacuum Guide Position Adjustments, steps 1 
and 2. If necessary, touch up the adjustments as 
directed in steps 3 and 4 of the same procedure. Then 
remove the alignment tape from the recorder. 


CAUTION: Do not place the machine in the 
SETUP or RECORD modes while the align- 
ment tape is threaded, or portions of the tape 
will be erased, 
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2. Load tape to be used for recording on the tape 
transport panel. Then double check the tape threading. 


3. Place REC LOCK switch in SIG SYNC position 
and place machine in SETUP. 


4, Check the head-current meters on Control Panel 
for the following indications: 

a. CONTROL TRACK meter should read opti- 
mum current determined during the Coztrol Track 
Head Optimization procedure given in Section IV-B 
(approximately 3.5). 

b. RECORD CURRENT meter should read opti- 
mum values found during optimization of the Head- 
wheel Panel being used. 

c. MASTER ERASE meter should read between 
0.45 and 0.5. 

5. Place the SPEAKER AND METER selector 
switch in the AUDIO REC/PLAY position and adjust 
the AUDIO RECORD LEVEL control until the 
AUDIO/CUE meter peaks at 0 VU on program 
material. 


G6. If cue information is to be recorded on the tape, 
place the SPEAKER AND METER selector switch in 
the CUE-REC/PLAY position and adjust the CUE 
RECORD LEVEL control until AUDIO/CUE meter 
peaks at 0 VU on incoming cue information. 

7. Press the corresponding buttons on OSCILLO- 
SCOPE switch and observe the CRO for the follow- 
ing indications: 

a. CT REC—Frame pulse superimposed on 240- 
cycle sine wave. 

b. REF PULSE—Negative polarity pulse. 

c. TW PULSE—Positive polarity pulse. 

d. HW SERVO—Trapezoid with pip on center 
of every fourth negative slope. 


e. CAP SERVO—Sawtooth with pip on center of 
every fourth positive slope. 


NOTE: Typical waveforms on the CRO are shown 
in figures 14, 15, and 16, 


8. Press TW PULSE button on the MONITOR 
switch and observe the Picture Monitor. Normal 
motion of the TW dots is from 14 inch to 1 inch 
for an input signal locked to a crystal and up to 10 
inches or more for a signal locked to the power line. 


9. Take recorder out of SETUP mode by pressing 
STOP button. 


10. Check to see that the LOCAL-REMOTE switch 
is in the desired position. 


11. Place the FORWARD-REVERSE knob on the 
Control Panel in the FORWARD position. Press the 


WIND button and wind forward to the point where 
recording will begin. Press STOP button. 


12. Set the TAPE TIMER to zero. 


13. Place the recorder in the RECORD mode and 
record about two minutes of program material as 
indicated on TAPE TIMER. While making this re- 
cording, check the audio level on the AUDIO/CUE 
meter, and simultaneously listen to the program audio 
on the Control Panel speaker. Also press CT PB 
button on MONITOR switch and observe CRO for 
simultaneous control track playback. 


NOTE: On simultaneous audio playback there is a 
delay of approximately one-tenth of a second be- 
tween sound and video. 


14. On the Control Pariel press the WIND button 
and turn the FORWARD-REVERSE control to the 
REVERSE position. Allow the tape to rewind until 
the TAPE TIMER reads zero. 


15. Place the Control Panel switch labeled PLAY 
LOCK in the GEN SYNC position. 


16, Press the PLAY button. The information previ- 
ously recorded can be viewed on the Picture Monitor 
and heard on the Control Panel speaker. 


17. Place the GUIDE POSITION toggle switch in 
the AUTOMATIC position. 


18. Press the 2 X 1 OUT button on the OSCILLO- 
SCOPE switch and observe the composite FM signal 
of the four heads on the CRO, Adjust the CONTROL 
TRACK PHASE control on the Control Panel for 
maximum peak-to-peak signal on the CRO. 


NOTE: The information recorded by a particular 
head can be identified by noting that vertical sync 
is always recorded by head number 1. The informa- 
tion played back by a particular head can be identi- 
fied by pressing the shorting buttons on the Four- 
Channel Equalizer, 


19. Touch up the HF COMP CH-1, CH-2, CH-3, 
and CH-4 controls on the Four-Channel Equalizer for 
equal high-frequency response. 


NOTE: The HF COMP. adjustments should be 
made for best appearance of the picture. Conse- 
quently the results obtained depend on the skill of 
the operator. For monochrome, the adjustments 
should be made to obtain maximum resolution of 
vertical edges without overshoots (indicating exces- 
sive high peaking), and to eliminate bands due to 
unequal response in the four channels. For color, 
the adjustments should be made primarily to elimi- 
nate banding in red areas. 


20. Press the 2 X 1 OUT button on OSCILLO- 
SCOPE switch and adjust the GAIN CHAN-1, 


ee 


CHAN.2, CHAN-3, and CHAN-4 controls on the 
Playback Delay Amplifier for equal amplitude (ap- 
proximately 100 I.R.E. units). 


21. After the preceding tests are concluded, rewind 
to the place where the program recording is to begin, 
stop the machine, and reset the tape timer to zero. 
The machine is now ready for recording. 


Checks During Recording 
1. During the recording observe the following 
meters on the Control Panel and the following wave- 
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2. After all the desired program information is 
recorded, press the STOP button. 


3. Press the WIND button and turn the FOR- 
WARD-REVERSE knob to REVERSE so that the tape 
will rewind. Allow tape to rewind until the TAPE 
TIMER returns to zero and then push the STOP 
button. 


NOTE: It is possible to go directly to WIND 
without going through the STOP position. 


4, It is good practice to spot check the recording 


forms on the CRO for the indications given, (See Ee PY IE earn ene wey Ss 


figures 14, 15, and 16 for typical waveforms.) 
a. CONTROL TRACK meter—normal current. 
b. RECORD CURRENT meter—normal current. 
ce. AUDIO/CUE meter—normal level, 
d. MASTER ERASE meter—normal current. 


e. CT PB waveform—normal waveform indi- 
cating presence of simultaneous control track. 


f. HW SERVO waveform—lock-in of pip on 


Checks Before Playback 

Load the tape for playback on the Tape Transport 
Panel and double check tape threading. Then play 
back the recorded tape and sample it near either end 
and near the center of the tape. During this test play- 
back, check the items in the following table: 


CAUTION: NEVER place the recorder in 
the SETUP mode while a recorded tape is 
threaded on the transport because the erase 


trapezoid. heads are activated at this time. If a check of 
g. CAP SERVO waveform—lock-in of pip on the recorder has to be made in the SETUP 
sawtooth. mode, unthread the tape. 


CHECKS BEFORE PLAYBACK 


a. CONTROL TRACK PHASE control. . Maximum FM output as observed at 2 X 1 OUT on CRO. 
. Desired position (MONO, VAR, or COLOR)* 
. Switch in AUTOMATIC position. 


. COLOR-VAR-MONO switch on demodulator. 
. GUIDE POSITION toggle switch. 


. Four-Channel H.F. COMP controls on Equalizer. . Equal high frequency response (see note below step 19 under 


Checks Before Recording). 


. Four-Channel GAIN controls on Playback De- . Equal amplitude (100 I.R.E, units) at 2 X 1 OUT on CRO. 


lay amplifier, 


. AUDIO PLAY control on Control Panel and 
GAIN control on BA-23 Program Amplifier. 


. Tur AUDIO PLAY LEVEL control on Control Panel to +12 
and GAIN control of BA-23 Program Amplifier fully clockwise. 
Then adjuss AUDIO PLAY LEVEL control until! AUDIO/CUE 
meter peaks at 0 VU. 


. Proper video, setup and sync levels at LINE OUT on oscilloscope. 
(For color also check burst phase and chroma levels.) 


. Processing Amplifier Controls. 


. Synchronization between sound of “B” machine and sound of ‘‘A” 
machine. (Push in CAPSTAN SPEED contro! of 'B” machine and 
rotate it until sound of two machines is synchronized.) 


. CAPSTAN SPEED control (adjustment re- 
quired only if a “B” copy machine is used for 
protection). 


* To play back a monochrome tape having non-standard pre-emphasis, press DEMOD OUT button on OSCILLOSCOPE switch 
and observe waveform. Place COLOR-VAR-MONO switch in VAR position and adjust VAR DE-EMP control on demodulator 
to obtain minimum spikes (overshoots) on blanking or sync. 


D. RF COPIES 

Facilities are provided in the tape recorder for 
making rf copies of pre-recorded tapes by recording 
on one machine (slave) the fm output of another 
machine playing back a tape (master). RF copying 
differs from video copying in that the fm information 
is not demodulated. Losses due to demodulation and 
successive re-modulation, are eliminated. However all 
equipment used in the copying process (such as dis- 
tribution amplifiers or switchers for making several 
copies simultaneously) must have good phase and 
frequency response up to 10 megacycles. 


Two machines can be interconnected for making rf 
copies by connecting the rf copy output of the master 
machine to the rf copy input of the slave machine. 


To make rf copies on two machines which have 
been properly interconnected proceed as follows: 


1. Set up the master machine for normal playback 
and the slave machine for normal recording as previ- 
ously directed. 


2. On master machine press RF COPY and SETUP 
buttons. 


3. On slave machine press SETUP button, turn 
the VIDEO METER SEL switch to position 1 and 
note the reading of the RECORD CURRENT meter 
for head number 1, Then press RF COPY button. 
Leave the meter switch on position 1. 


4, On demodulator of master machine adjust RF 
COPY OUT control until head number 1 current of 
slave machine (with RF COPY button depressed) is 
the same as previously noted. 


5, Thread the pre-recorded tape on the master 
machine and the tape on which the copy is to be made 
on the slave machine. Wind both tapes to the desired 
points. 

6. When ready to start recording first press RE- 
CORD and RF COPY buttons on slave machine and 
then press PLAY and RF COPY buttons on master 
machine. Do not start the master machine first or some 
information will be lost at the beginning of the 
recording. 


——— 
= 
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SECTION Ill 
ABBREVIATED OPERATING PROCEDURE 


The following abbreviated procedure provides a 
summary of the detailed procedures in Section II and 
also serves as a rapid check list for the experienced 
operator. 


INITIAL SETUP 

Monochrome 

1, Clean headwheel and tape transport panels. 

2. Calibrate CRO waveform monitor for 1 volt. 

3. Adjust gain of input distribution amplifier. 

4, Turn rotary switch on modulator to MONO. 
Adjust carrier frequency and deviation. 

5, Turn rotary switch on demodulator to MONO. 

6. Adjust gain of*output distribution amplifier. 

7. On signal processing amplifier, adjust video, 


pedestal, and sync and make stability and horizontal 
lockup tests. 


Color 
1. Perform steps 1 to 3 of Monochrome setup above. 
2. Turn rotary switch on modulator to CHROME. 
Adjust carrier frequency and deviation. 
3. Adjust gain of output distribution amplifier. 
4, Adjust monochrome and chroma gain controls 


on chroma processor. 


5. On signal processing amplifier, adjust video, 
pedestal, sync, and burst and make stability and hori- 
zontal lockup tests. 

6. Adjust phase of TM-21 Color Monitor. 

7. Adjust oscillator phase on burst oscillator. 

8. Adjust record phase and chroma gain on signal 
processing amplifier. 

9. While playing back a tape pre-recorded with 
color bars, make the following adjustments: 

a. Four-channel equalizer. 
b. Gain controls on playback delay amplifier. 


c. High-frequency compensation on 2 X 1 
switcher. 


d, Playback phase on signal processing amplifier. 


FINAL CHECKS 


Before Recording 
1. Check guide position and pole-tip penetration 
with test tape. 
2. Load tape and double check threading. 
3. Check record meters on control panel. 
4. Adjust audio and cue record levels on control 
panel. 
5. Check servo waveforms on CRO and tonewheel 
dots on picture monitor. 
6. Make a two-minute test recording. Check audio 
levels and control track playback waveform. 
7. While playing back test recording make the 
following adjustments: 
a. Control track phase on control panel. 
b. Four-channel equalizer. 
c. Gains un playback delay amplifier. 


8. Rewind to start of tape. Set tape timer. 


During Recording 

Check waveforms and meters during recording. 
When completed spot check recording by playing 
back beginning, middle, and end. 


Before Playback 
Check the following: 


1. MONO-VAR-COLOR switch on demodulator. 
(Adjust VAR-DE-EMP control if required.) 


2. Control Track Phase on control panel. 


3. GUIDE POSITION switch on control panel 
(normally on AUTOMATIC). 


4. Audio play level on control panel, 
5. Controls on signal processing amplifier. 


6. Capstan speed adjustment (only if second ma- 
chine is used for protection). 


During Playback 


Monitor picture and audio, Observe meters and 
waveforms for warning of possible trouble. 
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SECTION IV 
NON-ROUTINE ADJUSTMENTS 


The following procedures are not part of routine 
operation but should be performed whenever the 
checks given in the preceding sections indicate that 
they are required. 


A. ALIGNMENT PROCEDURES 

The following procedures permits elimination of 
scallops and jogs in the picture due to incorrect posi- 
tioning of the Vacuum Guide, and steps (parallel 
horizontal displacements) due to deviations of the 
four heads from exact quadrature (90 degree relation- 
ship). The photographs, figures 7 to 12, show play- 
back of an RCA Alignment Tape (MI-40771-B) under 
conditions producing scallops, jogs, steps, or a normal 
picture. 


Equipment Required 

Both the Vacuum Guide and Quadrature Adjust- 
ments require use of an RCA MI-40771-B alignment 
tape. In addition, the Vacuum Guide adjustments 
require the follawing wrenches: 

a. 3/32-inch socket wrench (MI-40769, Item 9) 
for scallop adjustment. 

b. 1/8-inch socket wrench (MI-40769, Item 8) for 
jog adjustment. (New standard on screw requires 
9/64 inch socket wrench.) 

c. 1/4-inch open-end wrench (MI-40769, Item 7) 
for jog adjustment. 


Vacuum Guide Position. Adjustments 
1, Install the alignment tape, MI-40771-B, on the 
machine. 


CAUTION: Do not put the tape recorder in 
the SETUP or RECORD mode of operation 
while the alignment tape is threaded since 
portions of the test tape may be erased, 


2. Put the GUIDE POSITION switch in AUTO- 
MATIC and place the tape recorder in the PLAY 
mode by pushing the PLAY button. Press the 2 X 1 
OUT button on the OSCILLOSCOPE switch and 
adjust the CONTROL TRACK PHASE knob for 
maximum output. Then press the LINE OUT button 
on the MONITOR switch and observe the Picture 
Monitor. 


3. Scallop Adjustment (Perpendicular Alignment of 
Vacuum Guide). 
a. Insert the 3/32-inch socket wrench (MI- 
40679, Item 9) in the socket-head scallop adjustment 
screw at the left of the vacuum guide (see Figure 6). 


b. Turn the screw counterclockwise if the scal- 
lops are concave to the right (figure 7) or clockwise 
if the scallops are concave to the left (figure 8). 
When all scallops are eliminated the position of the 
vacuum guide perpendicular to the panel is correct. 


4, Jog Adjustment (Penetration or Parallel Align- 
ment of Vacuum Guide), 
a. Place the GUIDE POSITION switch in 
MANUAL and set the PLAY GUIDE POSITION 
knob to 0 on the scale (twelve o'clock position). 


b. Using the 1/8-inch socket wrench (MI-40769, 
Item 8) loosen the locking cap screw on the right 
hand corner of the vacuum guide arm (see figure 6). 

c. With 1/4-inch open-end wrench (MI-40769, 
Item 7) turn the hex-head screw directly above the 
locking screw loosened in step b, until all jogs are 
eliminated. Move wrench upward to increase penetra- 
tion (figure 9) or downward to decrease penetration 
(figure 10). 

d. To insure an accurate setting open and close 
the vacuum guide several times by first pressing the 
PLAY button and then, after the Vacuum Guide 
closes, pressing the STOP button. 

e. Tighten the locking screw loosened in step b. 
The lines should then appear as in figure 12 (unless 
steps are present, as in figure 11, indicating that a 
Head Quadrature Adjustment is required). 
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Figure 6—Headwheel Panel Adjustments 
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Figure 12—Normal Appearance 


Tracking of RECORD and 
PLAY GUIDE POSITION Knobs 

Check the tracking of the RECORD and PLAY 
GUIDE POSITION knobs on the Control Panel as 
follows: 


1. Remove alignment tape from machine. 
2. Unlock the GUIDE POSITION RECORD 


knob, turn it to zero (twelve o’clock position), and 


lock knob. 


3, Load a tape on the machine and record several 
minutes of material containing vertical lines, to permit 
checking for jogs. 

4. Stop machine, rewind, place GUIDE POSITION 
switch in MANUAL, and play back recording. 


5. Adjust GUIDE POSITION PLAY knob for no 
jogs in picture. This condition should be obtained 
when PLAY knob is in zero position; otherwise, 
maintenance is required. 


NOTE: If maintenance operations are performed to 
correct knob tracking the Jog Adjustments (step 4) 
under Vacuum Guide Position Adjustments must be 
repeated, 


Head Quadrature Adjustment 
1. Place the GUIDE POSITION switch on the 
Control Panel in the AUTOMATIC position, 


2. Install the MI-40771-B Alignment Tape and 
place the tape recorder in the PLAY mode. 


3. Adjust the CONTROL TRACK PHASE control 
and the four H.F. COMP. controls on the Equalizer 
chassis to produce the optimum picture. 


4, Set all four DELAY knobs on the Playback De- 
lay Amplifier to zero and observe the picture. The 
presence of steps in the vertical lines (figure 11) 
indicates that the heads are not exactly in quadrature 
(90 degrees apart). Identify the head which produces 
an average amount of horizontal displacement with 
respect to the other heads (steps about halfway be- 
tween the extreme left and the extreme right) and 
leave the DELAY knob corresponding to that head at 
zero. Adjust the other three DELAY controls to 
minimize the horizontal displacements. 


NOTE: Since the delay steps are quite small this 
adjustment must be made with care to insure opti- 
mum alignment of the vertical bars. In addition 
penetration and scalloping adjustments should be 
retouched to achieve best results. 


5. The quadrature relation of the heads is the 
same for recording or playback except that the relative 
sense (lag or lead) is reversed. Consequently the 
DELAY controls on the Record Delay Amplifier 
should be adjusted as follows: 
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a, On Playback.Delay Amplifier note the chan- 
nel on which the DELAY control is set to zero. On 
Record Delay Amplifier set DELAY control on same 
channel to zero. 

b. Turn each of the other three DELAY knobs 
on the Record Delay Amplifier to the same numeral 
as that of the corresponding Playback Delay knob, 
but in the opposite direction from zero. (Refer to 
following table.) 


TYPICAL DELAY SETTINGS 


Channel | Channel | Channel | Channel 
1 2 3 4 
Playback Delay 3 —1 —2 
Record Delay 3 +1 +2 


6. Remove the alignment tape from the machine. 


7. Record test pattern or other test signal with 
vertical lines. Playback of this recorded signal should 
produce vertical lines. In addition, when the CON- 
TROL TRACK PHASE knob is turned to another 
track position, the vertical lines should contain a 
minimum of horizontal displacements. Large displace- 
ments indicate that the corrections should be re- 
checked. 


B. HEAD OPTIMIZATION 


Video Heads 

To obtain optimum results during recording, the 
record currents must be adjusted by turning the four 
GAIN controls on the Record Amplifier until each 
of the four heads in the Headwheel Panel just satu- 
rates the tape when a normal input signal is applied. 
Procedures for making these adjustments are given 
in the unit instruction book for the Headwheel Panel. 


Since the optimum currents change with wear, and 
the heads wear unequally, the procedure will have to 
be repeated whenever the checks in Section II indicate 
that new optimum values are required. Some of these 
indications are: 

1. Poor signal-to-noise ratio, 

2. Bands of unequal tontrast. 

3. Bands of varying hue (particularly red and green 
bands in yellow areas). 


Control Track Head 
The control track head should be optimized as 
follows whenever a new Headwheel Panel is installed: 


1. Thread tape on recorder. 


2. Place machine in RECORD mode. 
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3. Press CT PB button on OSCILLOSCOPE and 
observe the simultaneous control track presentation at 
a 240 cycle rate. 


4. On the Capstan Servo chassis adjust the 240 CT 
REC control until the simultaneous control track 
signal just begins to show saturation, The correct 


SHOULDER INDICATING 
SATURATION 


waveform is shown in figure 13A where saturation is 
indicated by the slight shoulder in the zero axis of 
the distorted sine wave, Figures 13B and 13C show 
under- and over-saturated tape waveforms. 


5. Observe the CONTROL TRACK meter and 
write down the final current for future reference. 


A. CORRECT DRIVE 


B, UNDER-SATURATED 
TAPE SIGNAL 


C, OVER-SATURATED 
TAPE SIGNAL 


Figure 13—Simultaneous Control! Track Playback (CT PB} Waveforms 
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Figure 14—Waveforms on CRO Monitor Selected by Pushbuttons on CRO/Monitor Switcher 
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Figure 15—Waveforms on CRO Monitor (Continued) 
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Figure 18—Video Functional Diagram, Monochrome 
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Figure 19—Video Functional Diagram, Color 
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Figure VEO-1. Erase Oscillator 


TECHNICAL DATA 


Power Required 


AC: 117 volts, 50/60 cycles, 12 watts 
DC: 280 volts, 85 ma. (From 


Output Voltage 


450 volts peak-to-peak (*Transformer T1 primary) 
4.0 volts peak-to-peak (*Transformer T1 secondary) 


Fuse 
(1) 0.25 amp, type 3AG Slo-Blo 


Tube and Diode Complement 


(2) 5763 (2) IN54A 
(1) 12AT7 


* Transformer T1 located on Tape Transport Panel. 


DESCRIPTION 


The Erase Oscillator consists of a master oscillator, 
a cathode-follower buffer, and two parallel-connected 
power amplifiers. This circuit provides a 450 volt 
peak-to-peak, 100 kc sine wave signal to a step-down 
transformer (T1) on the tape transport panel; it is 
only available in the record mode of operation. The 
transformer output signal, which is a low-voltage, 
high-current signal suitable for erasing all recorded 
signals from the tape, is fed to the master erase head 
on the tape transport panel and is also returned to 
a rectifier circuit on the erase oscillator chassis. The 
rectifier output is applied to the control panel 
MASTER ERASE meter to permit monitoring of the 
erase current during record. 


Circuit 
The circuit of the erase oscillator is shown in the 
schematic diagram (Figure VEO-9). Oscillator stage 


V3A is a modified Colpitts oscillator operating 
at a frequency of about 100 ke, which can be ad- 
justed slightly by tuning inductor L1. The oscillator 
output developed across the grid tank (L1, C2, and 
C3) is a sine wave with a peak-to-peak amplitude of 
100 volts. This voltage is reduced to about 35 volts 
by a voltage divider (R2 and R3) and then applied 
to the cathode-follower buffer (V3B) which prevents 
variations in the power amplifiers from affecting the 
frequency stability of the oscillator. The buffer out- 
put, approximately 20 volts, is raised to 450 volts 
peak-to-peak by parallel-connected amplifiers V1 and 
V2, and then fed through pins 7 and 8 of connector 
J8 to transformer T1 on the tape transport panel. 
The output of transformer T1 is applied to the master 
erase head, and it is also returned through pins 11 
and 12 of connector J8 to a rectifier circuit on the 
erase oscillator chassis consisting of crystal diodes 
CR1 and CR2. The rectifier output is fed through the 
METER CALIBRATE potentiometer R12 and pin 11 
of jack Jl to the MASTER ERASE meter on the 
control panel. 


ADJUSTMENTS 


Master Oscillator Frequency 

To adjust the master oscillator frequency proceed 
as follows: 

1. Press the control panel SETUP button. 

2. Adjust plug L1, on top of inductor shield, for 
maximum deflection on the control panel MASTER 
ERASE meter. 

3. Check the voltage across the master erase head 
by connecting an a.c. voltmeter between terminals 
5 and 6 of transformer T1 on the tape transport panel. 
The reading should be 4.0 volts peak-to-peak (mini- 
mum); see Figure VEO-2. 


VEO-2 


4, Adjust the METER CALIBRATE control on the 
erase oscillator for a reading on the MASTER 
ERASE meter corresponding to the voltage across 
the erase head. 


NOTE: During operation, if the reading on the 
MASTER ERASE meter falls below 3.5 a signal 
level check should be made as outlined under 
MAINTENANCE. 


MAINTENANCE 


The erase oscillator requires no maintenance during 
normal operation with the exception of replacing 
defective tubes. If the proper indications cannot be 
obtained while adjusting the master oscillator, make 
the following signal level checks: 


Power Amplifiers. Connect the oscilloscope to test 
point OUTPUT (TP1). The signal amplitude should 
be approximately 450 volts peak-to-peak (see Figure 
VEO-3). If this amplitude is not obtained replace 
tubes V1 and V2. 


Buffer. Connect the oscilloscope to test point V1 
and V2 INPUT (TP2). The signal amplitude should 
be approximately 20 volts peak-to-peak (see Figure 
VEO-4). If this amplitude is not obtained replace 
tube V3. 


Oscillator. Connect the oscilloscope to test point 
V3B IN (TP3). The signal amplitude should be ap- 
proximately 35 volts peak-to-peak (see Figure VEO- 
5). If this amplitude is not obtained replace tube V3. 


TUBE VOLTAGE TABLE 


Symbol 


Vil 
v2 
V3 


Voltage at jack Jl pin 11 is +0.03 vole. 
Voltage at the junction of CR2, CR10, and Ri4 is +3.6 volts. 


Figure VEO-2. 
Erase Head Voltage 
Amplitude: 1 vol#/cm 
Sweep Rate: 5 micro sec/cm 


Figure VEO-5. 
Test Point TP3 
Amplitude: 10 volts/cm 
Sweep Rate: 5 micro sec/cm 


Pin Number 


Figure VEO-3. 
Test Point TP1 
Amplitude: 200 volts/cm 
Sweep Rate: 5 micro sec/cm 


Figure VEO-6. 
Tube V3 Grid (2) 
Amplitude: 50 volts/cm 
Sweep Rate: 5 micro sec/cm 


(AAA 


Figure VEO-4, 
Test Point TP2 
Amplitude: 5 volts/cm 
Sweep Rate: 5 micro sec/cm 


Figure VEO-7. 
Tube V3 Cathode (3) 
Amplitude: 10 volts/cm 
Sweep Rate: 5 micro sec/cm 


cl 
C2 


c€13,C14 


Cl3 XDSI 


99483 
101857 
218140 
51604 
$1594 
218139 
218776 
218776 
51607 
$1595 


ci2- 
xv2 | C16 
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Figure VEO-8. Erase Oscillator, Rear View 


LIST OF PARTS 


735715S-75 
727871-262 
735715-169 
735715-71 


735715-175 
735715-163 
727856-141 
8811182-5 
735715-75 
735715-163 
735715-1793 
8811182-5 
8981515-3 
872291-9 
8858508-22 
727969-3 
727969-1 
728446-13 
8835360-3 
8835360-3 
727969-4 
727969-2 


99126-71 
90496-74 
90496-78 
82283-70 
90496- 78 
82283-50 
99126- 58 
82283- 50 
90496-50 
82283-94 


CAPACITORS: 

Paper, 0.1 wf £10%, 200 v 

Mica, 4300 puf +5%, 500 v- char “B” 
Paper, 0.033 wf +10%, 400 v 

Paper, 0.047 pf 10%, 200 v 

Not Used 

Paper, 0.1 wf +10%, 400 v 

Paper, 0.01 wf +10%, 400 v 

Mica, 560 uf +10%, 300 v - char ““B” 
Ceramic, 10,000 puf -20 +100%, 450 v 
Paper, 0.1 pf +10%, 200 v 

Paper, 0.01 pf +10%, 400 v 

Paper, 0.22 wf +10%, 400 v 

Ceramic, 10,000 puf -~20 +100%, 450 v 


Diode: Type INS4A 

Lamp: indicator NES1 

Fuse: 1/4 amp, 250 v 

Connector: male, 6 contact 
Connector: female, 6 contact 

Coil: variable 

Reactor: choke, 2.5 mh, 300 ma 
Reactor: R.F. choke, 2.5 mh, 300 MA 
Connector: female, 6 contact 


Connector: male, 6 contact 


RESISTORS: 


Fixed, Composition - Unless otherwise specified 


5600 ohm +10%, 2 
10,000 ohm +10%, 1 
22,000 ohm +10%, 1 
4700 ohm +10%, % w 
22,000 ohm +10%, lw 
100 ohm +10%, % w 

470 ohm +10%, 2 w 

100 ohm +10%, % w 

100 ohm +10%, 1 w 
470,000 ohm +1U%, % w 


z= 


VEO-3 


_VEO-4 


TPl to TP3 
XADS1 

XDS1 

XF1 

XV1 to XV3 


205044 


8971860- 114 
99126- 58 
82283-86 


949069-1 
8825493-7 
990788- 507 
990789-5 
99088-2 
737870-14 


Variable, 100,000 ohm +10%, 


470 ohm +10%, 2 w 
100,000 ohm +10%, %w 
Part of XDS1 

Not Used 

Not Used 

Transformer: filament 
Jack: tip, yellow 
Lens: indicator lamp 
Holder: lamp 

Holder: fuse 

Socket: tube 
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Figure VEO-9. Erase Oscillator Schematic Diagram 
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MOD-1 


Figure MOD-1. Modulator 


TECHNICAL DATA 


Power Requirements 


AC; 117 volts, 50/60 cycles, .32 amps, 37 watts 
(from circuit breaker No. 1) 


DC; 280 volts, 170 ma, 48 watts 
(from power supply No. 1, unit 409) 


Video Input Signal Level 


1.0 volt peak-to-peak (composite video signal) 


Input Impedance 
75 ohms 


Video Pre-emphasis at 4 me 


Mono: 4.0 db 
Color: 9.54 db 


Carrier Frequency Limits 


Whe Th 


4.3 me 
5.4 mc 
FM Output Signal Level 
1.0 volt peak-to-peak 


Output Impedance 
75 ohms 


Tube and Diode Complement 


1  6AS6 
5  6BQ7A 
2 6BC6 

1 1N54A 


* The output frequency at tip of sync is clamped to this 
value to preserve the dc component. 
#% SMPTE recommended practice RP6 — see SMPTE Journal 
— December, 1960. 


DESCRIPTION 


The modulator (unit 102) located at the top of 
Rack 1, converts the incoming video information from 
the input distribution amplifier (unit 304) to a fre- 
quency modulated signal. For normal operation in 
the record and setup modes, the fm output signal of 
the modulator is looped through the demodulator to 
permit monitoring of the processed video informa- 
tion on the CRO waveform monitor or picture moni- 
tor, and is applied to the record delay amplifier 
(unit 108). From the record delay amplifier it passes 
through the record amplifier (unit 104) and is 
applied to the four video heads of the headwheel. In 
the playback mode the modulator is disabled, pro- 
ducing no output. 


For rf copy two tape machines are required, one 
for sending and one for receiving the rf information. 
When recording a tape by rf copy, the modulator 
of each tape recorder is disabled, However, to set up 
the tape recorders prior to making rf copy, the mod- 
ulator of the sending recorder is turned on and the 
modulator of the receiving recorder is turned off, 
The fm signal generated by the sending recorder is 
transmitted from its rf copy output to the rf copy 
input of the receiving recorder. In the receiving 
recorder, the fm signal is processed to provide a video 
output for monitoring at the CRO waveform monitor 
or picture monitor, For any mode of rf copy opera- 
tion, video output signals are available simultaneously 
from both recorders, 
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Circuit 

Modulator. During the following discussion of 
the modulator refer to the block diagram (Figure 
MOD.-2) and the schematic diagram (Figure MOD-7). 
The incoming video signal (monochrome or chrome) 
from the distribution amplifier is applied to a potenti- 
ometer (R2) labeled DEVIATION CONTROL. 
From the center arm of the potentiometer the video 
signal is fed to one of two pre-emphasis networks 
depending on the position of the CHROME-MONO 
switch. By the use of pre-emphasis at the high video 
frequencies and a corresponding de-emphasis after 
demodulation, the overall signal-to-noise ratio is 
increased. The amount of pre-emphasis used is that 
recommended by the SMPTE: 4.0 db at 4 mc for 
monochrome, and 9.54 db at 4 me for color. In 
monochrome operation, the increase in signal-to-noise 
ratio over that obtained without pre-emphasis is ap- 
proximately 3 db. In color operation the signal to 
noise ratio is initially lower because of the compressed 
deviation range (5.4 to 6.3 mc). Therefore, a greater 
pre-emphasis is used providing an increase in signal 
to noise ratio of approximately 5 db over that ob- 
tained without pre-emphasis. 


The pre-emphasis network output is applied to a 
video amplifier consisting of stages V1 and V2. Stage 
V1 is a conventional video amplifier except that no 
bypass capacitor is connected across the split cathode 
resistors R8 and R9. The degeneration thus obtained 
reduces the stage gain but stabilizes the performance. 
The output of video amplifier stage V1 is applied to 
the grid circuit of video amplifier V2A, which oper- 
ates in a manner identical to that of amplifier V1. 
The video output signal of stage V2A is fed to a 
cathode-follower driver stage, V2B, which is capaci- 
tively coupled to the control grid of a reactance tube, 
V3A, and also to a sync stretch amplifier, V10B, 


The reactance tube frequency modulates the oscil- 
lator stage V4 by effectively changing the amplitude 
variations of the input signal into a varying reactance 
which is connected across the fm oscillator tuned cir- 
cuit. A voltage regulator stage, V3B, keeps the plate 
voltage of the reactance tube constant to insure that 
the clamp bias voltage applied to it holds the carrier 
frequency limit constant for tip of sync, Inductor L3 
in the grid circuit of the reactance tube, in conjunction 
with the plate-to-grid capacitance of the tube, pro- 
duces 2 ninety degree phase difference between the 
fm carrier voltages appearing at the plate and the 
gtid. This phase difference is essential for proper 
operation of the reactance tube. Damping resistor 
R86 connected across inductor L3 broadens its re- 
sponse. Adjustment of L3 affects both the deviation 
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sensitivity and the amount of amplitude modulation 
present in the fm signal, Ideally, when L3 is properly 
adjusted, the amount of amplitude modulation is 
minimum and the deviation sensitivity is such that 
there ‘is proper tracking of the sync tip frequency 
when switching between chrome and monochrome 
operation. In practice, however, since tracking also 
depends on the clamp voltage applied to the grid 
of the reactance tube from pins 1 and 8 of stage V7, 
normal resistor tolerances cause these two conditions 
to occur at slightly different places, Therefore, factory 
adjustment of L3 is made for proper tracking of sync 
tip frequency. The amount of amplitude modulation, 
while not at a minimum, is within the tolerance 
assigned to it. 


A clamp stage, V7, in conjunction with a non-linear 
syne stretch amplifier, V10B, is used to clamp the 
grid of the reactance tube to the desired voltage at 
the tip of sync. The clamp stage consists of the shunt 
connected back-to-back triodes with the junction of 
one plate and cathode (pin 3 of 6) connected to the 
floating grid of the reactance tube V3, and the junc- 
tion of the other plate and cathode (pins 1 and 8) 
returned either to ground (switch $2 in MONO 
position) or to a point on a voltage divider slightly 
above ground (switch $2 in CHROME position). 
Because of the back-to-back connection current can 
flow in either direction, and the tube acts as a switch 
connecting the junction at pins 1 and 8, through 
resistor R51, to the clamp capacitor C7 in the grid 
circuit of V3. 


When the signal is at tip of sync the non-linear 
syne stretch amplifier (V10B) produces a pulse which 
drives both grids of V7 positive and effectively closes 
the switch. The clamp capacitor (C7) then charges 
or discharges to the potential at pins 1 and 8 of V7 
(0 volts for MONO; +0.73 volts for CHROME). 
During any part of the signal, except tip of sync, 
the sync stretch amplifier (V10B) produces insuf- 
ficient output to keep the clamp tube conducting, and 
since the charge path of capacitor C7 is effectively 
open, the charge remains constant; however, signal 
variations are instantaneously passed through C7. 


The fm oscillator V4 consists of a dual triode with 
feedback provided by a common cathode inductor, 
L6, and a capacitor, C13, from the plate of the first 
section to the control grid of the second, The oscil- 
lator frequency is determined by inductor L5 (F.M. 
CAR. FREQ.) in the plate circuit of the first section 
and the variable reactance connect across it. The fm 
output signal of variable frequency osciliator V4, with 
a center frequency of approximately 45 mc., is coupled 
to the control grid of the mixer stage V5 through 
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capacitor C29, It is heterodyned with the output sig- 
nal of the master oscillator V6, which is injected into 
the suppressor grid circuit, The frequency of the 
master oscillator is about 51 megacycles and is not 
critical. The operation of the master oscillator V5 
is the same as the fm oscillator V4; the coupling 
between stages is through the common cathode im- 
pedance L8 and coupling capacitor C17. The mixer 
output signal is applied to two fm amplifier stages, 
V8 and V11. Inductors L12 and L14, in the control 
gtid circuits of V8 and V11, provide high frequency 
peaking to keep the response flat to 10 mc. These 
coils also prevent unwanted signals at the oscillator 
frequencies and their sum from getting into the fm 
output. The resulting output of amplifier V11 is a 
frequency modulated signal equal to the difference 
between the two oscillator frequencies. The instan- 
taneous frequency of the output will vary from 4.3 
mc during sync tip to 6.8 during white tip for mono- 
chrome operation and from 5.4 to 6.3 me for chrome 
operation. 


Deviation Test Meter. The meter labeled DEVIA- 
TION TEST is used when adjusting the frequency 
of the fm oscillator V4. A portion of the fm output 
voltage of amplifier V11 is coupled to the cathode 
circuit of the gate tube V10A through capacitor C26. 
The gate tube is in a non-conducting state, and will 
not conduct unless a positive going voltage pulse is 
applied to its grid. 


When switch S1 is in the SYNC TIP position, posi- 
tive going sync pulses from the sync stretcher 
(V10B) are applied to the control grid of the gate 
tube (V10A) forcing it to conduct during the sync 
period. When V10A conducts, it passes the rf signal 
appearing at its cathode to one of the tuned refer- 
ence circuits in the plate (L10-C24 or L17-C43) de- 
pending on the position of the CHROME-MONO 
switch ($2). The voltage developed across the tuned 
circuit is rectified by germanium diode CR1 and its 
average value is indicated on the meter labeled 
DEVIATION TEST. Maximum deflection of the 
meter will be obtained when the frequency to which 
the rf carrier is clamped during sync tip equals that 
of the reference circuit selected. 


When switch S1 is in the WHITE TIP position, 
the white information of the incoming video signal 
is used to trigger the gate tube VIOA. The incoming 
video signal has positive signal polarity; that is, the 
white information is the most positive part of the 
signal. Incoming video information is applied to 
the white pulse amplifier V9. Stage V9A (pins 1, 2, 
and 3) has a high positive bias voltage on the cathode 
and a low value of plate voltage; therefore, the tube 


will conduct only on the most positive part of the 
input signal (white information). The signal at 
the plate of V9A has negative picture polarity due 
to the, phase reversal of the tube. Stage V9A output 
is coupled to V9B where it is amplified and inverted 
to the original polarity. The output of V9B is used to 
trigger the gate tube V10A forcing it to conduct for 
the duration of the white signal. When V10A con- 
ducts, an rf voltage is developed across the plate 
tuned circuit (L9-C23 or L16-C42) depending on 
the position of the CHROME-MONO switch. (Maxi- 
mum deflection of the DEVIATION TEST meter 
will be obtained when the frequency of the rf carrier 
during white tip is equal to that of the reference 
circuit selected.) 


Record-Playback Relay 

The record-playback relay, Ki, when de-energized 
disables the modulator by removing the plate voltage 
from the mixer stage (V5) and the two fm amplifiers 
(V8 and V11). Relay K1 is energized by certain 
combinations of the pushbuttons on the control panel 
as outlined in the following table. 


RECORD-PLAYBACK RELAY OPERATION 


Mode of Pushbutton - 
Operation Pressed Condition of KI 


Record RECORD 
Normal or or 


Energized 


Setup SET UP 


Play PLAY 
Normal or or 
Stop STOP 


De-energized 


RF Play (Send) RF COPY 
and 


PLAY 


De-energized 


RF Record (Receive) RF COPY 
and 


RECORD 


De-energized 


RF Setup (Send) RE COPY 
(Between 2 Recorders) and 
SETUP 


Energized 


RF only 
(Between 2 Recorders) 


RF COPY De-energized 


ADJUSTMENTS 


The following adjustments should be made before 
starting operation, or at least once a day if the tape 
recorder is to be in continuous operation. 


1, Press the control panel SETUP button, 


2. Press the oscilloscope VID IN button on the 
CRO/Mon Switcher. 


3. Adjust the VIDEO GAIN control on the input 
distribution amplifier to obtain a reading of 1 volt 
peak-to-peak (140 IRE units) on the CRO (Figure 
MOD-3). 


NOTE: The input video signal may be a mono- 
scope pattern, color bar pattern, or any other form 
of stationary signal provided there is an appreciable 
WHITE area (at least five microseconds wide). 


Figure MOD-3. Video Input Signal, 
1.0 Volt P/P {140 IRE Units) 


4. Place the modulator CHROME-MONO switch 
in the position corresponding to the deviation limits 
to be recorded, 


5. Place the WHITE TIP-SYNC TIP switch in the 
SYNC TIP position. 


6. Adjust the F.M. CAR. FREQ. control for maxi- 
mum deflection on the DEVIATION TEST meter. 


7. Place the WHITE TIP-SYNC TIP switch in 
the WHITE TIP position. 

8, Adjust the DEVIATION CONTROL for maxi- 
mum deflection on the DEVIATION TEST meter. 

9. Place the WHITE TIP-SYNC TIP switch in 
the SYNC TIP position and leave it there during 
operation, 


MAINTENANCE 


After the modulator has been properly adjusted, 
little maintenance is needed except for the replace- 
ment of defective tubes. 


Reference Circuit Check 

If it becomes necessary to check or change the 
frequency of any of the deviation reference circuits, 
either a direct method or a more convenient but less 
direct method may be used. Either method requires 
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use of an unmodulated rf signal generator with a 
frequency adjustable between 4.3 and 6.8 megacycles 
at an accuracy of +50 kc, and an output voltage 
adjustable from 0,05 to 1.0 volt. 


Direct Method, To check the frequencies of the 
reference circuits directly, proceed as follows: 


1. Remove the oscillator tubes V4 and V6. Mark 
the tubes in some manner so that they will be returned 
to their proper sockets. 


2. Press the control panel SETUP button. 
3. Connect an rf signal across capacitor C14, and 
set the generator output level to 1.0 volt peak-to-peak. 


4, Vary the frequency of the signal generator 
between 43 and 6.8 megacycles, and note the 
frequencies that give maximum deflection on the 
DEVIATION TEST meter for both positions of 
the WHITE TIP-SYNC TIP switch; first with the 
CHROME-MONO switch in the CHROME position 
and then in the MONO position. 


NOTE: If the reference circuit coils must be ad- 
justed, they should be checked again after the lock- 
ing nut is tightened firmly, but not tight enough to 
damage the internal friction spring. 


5. Disconnect the signal generator, and return the 
oscillator tubes V4 and V6 to their proper sockets. 


Indirect Method. The indirect method checks the 
actual deviation limits of the fm carrier after these 
limits have been set using the reference circuits. For 
video modulation, use a signal having a white 
area at least five microseconds wide, and proceed 
as follows: 


1. Press the control panel SETUP button, 


2. Place the modulator CHROME-MONO switch 
in the position corresponding to the deviation limits 
to be measured. 

3, Place the WHITE TIP-SYNC TIP switch in the 
SYNC TIP position. 

4. Adjust the FM CAR. FREQ. control for maxi- 
mum on the DEVIATION TEST meter. 

5. Place the WHITE TIP-SYNC TIP switch in the 
WHITE TIP position. 


6. Adjust the DEVIATION CONTROL for maxi- 
mum deflection on the DEVIATION TEST meter. 


7. Place the WHITE TIP-SYNC TIP switch in 
the SYNC TIP position. 


8. Connect the oscilloscope probe to the demodu- 
lator test point VIDEO OUTPUT (TP2). 


9. Connect the rf signal generator to the demodu- 
lator test point FM INPUT (TP1). 
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10. Vary the rf signal generator frequency to obtain 
zero beats at both the sync tip and white tip fre- 
quencies as observed on the oscilloscope. Record the 
signal generator frequencies for these deviation limits. 


NOTE: This deviation check method can also be 
used in the PLAY mode of operation to check the 
actual frequency limits on a tape of questionable 
quality or of unknown origin. 


Amplitude Modulation Adjustment 
To keep amplitude modulation to a minimum 
adjust inductor L3 as follows: 


1. Feed a composite video signal to the input of 
the modulator. 


2. Connect an oscilloscope, (Tektronix type 535 or 
equivalent) through a low capacity probe, to test 
point FM OUTPUT (TP3). 


3. Place the CHROME-MONO switch in the 
CHROME position. 


4, Adjust trimmer capacitor C14, on rear of chassis, 
for a signal amplitude of 1.0 volt peak-to-peak. 


5. Adjust the A.M. ADJUSTMENT control for 
minimum amplitude modulation, as indicated on the 
oscilloscope. This adjustment changes the deviation 


sensitivity and therefore should not be made without 
also checking the tracking of the sync tip frequency 
when shifting from CHROME to MONOCHROME 
operation. Tracking may be checked by observing if 
the DEVIATION TEST meter is peaked on both 
MONO and CHROME without changing the setting 
of the FM CAR. FREQ. control. If the tracking is 
normal for sync tip, it 1s probable that inductor L3 
is reasonably close to the correct setting. 


6. Place the CHROME-MONO switch in the de- 
sired position, and disconnect the oscilloscope. 


General Trouble Shooting 

When trouble develops, the waveforms (Figures 
MOD-4 and MOD-5) will be an aid in signal tracing 
the modulator to determine the malfunction. The 
waveforms were taken with the tape recorder in 
the setup mode of operation, and a composite video 
input signal with an amplitude of 1.0 volt peak-to- 
peak from a multiburst generator (Telechrome 
1003C). A Tektronix type 535 oscilloscope with a 
high gain preamplifier (type 53/54c) and a 10:1 
attenuator probe was used. The oscilloscope hori- 
zontal timing (sweep) was set to 10 microseconds 
per division, and locked to horizontal drive. 


TROUBLE SHOOTING CHART 


Tube filaments not lit. 


Fuse Fi defective. 


Replace fuse F1. 


No B+ voltage to tubes V5, V8, and 
V11 in the RECORD mode of opera- 
tion. 


Defective relay Ki. Either solenoid 
winding open, or contacts dirty. 


If the solenoid winding is open, replace 
relay. 

If relay contacts are dirty, clean with a 
fine burnishing tool. 


Low or no fm output signal (as meas- 


ured at TP3). 


Weak tube or tubes. 


Check tubes V5, V8, Vii, V6, and V4 
in that order. Replace defective tube 
or tubes. 


Low deviation sensitivity and non- 
linear modulation. 


Weak reactance tube V3. 


Replace V3. Readjust L5 (CAR. FREQ. 
CONTROL) and L3 (A.M. ADJUST- 
MENT) if necessary. 


Hum modulation on fm carrier. 


Low resistance from heater to cathode 
in V3 or V7. 


Replace defective tube. 


Low or high reading on DEVIATION 
TEST meter. 


Aonormatty ow or high tireecah core 
ductance in tubes V9 or V10. 


Replace with oommal gubes. 
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A. Deviation Control (TP1) D. Reactance Tube Grid (TPZ) 


Amplitude: .1 volt/cm Amplitude; .5 voelt/cm 
Switch SI: Syne Tip Switch SI: Syne Tip 
Switch $2: Chrome Switch $2: Chrome 


B. V1 Cathode (pin 2) E. Reactance Tube Grid (TP2) 
Amplitude: .05 volt/cm Amplitude: .5 velt/cm 
Switch S1: Syne Tip Switch $1: White Tip 
Switch $2: Chrome Switch $2: Chrome 


C. V2 Cathode (pin 3) F. Reactance Tube Grid (TP2) 
Amplitude: .05 volt/cem Amplitude: .5 volt/cem 
Switch $1: Syne Tip Switch Si: Syne Tip 
Switch $2: Chrome Switch SZ: Mono 


G. Gate Tube Grid (TP4) 
Amplitude: 5 volts/em 
Switch Si: White Tip 
Switch $2: Chrome 


Figure MOD-4. Typical Waveforms 


MOD-8 


A. Gate Tube Grid {TP4) D. Tube V5 Plate (pin 5) 
Amplitude: 5 volts/cm Amplitude: .1. velt/cm 
Switch Sl: Syne Tip Switch $1: Sync Tip 
Switch $2: Chrome Switch $2: Mono 


B. Gate Tube Grid (TP4) E. Tube V8 Plate (pin 5) 
Amplitude: 10 volts/em Amplitude: .5 volt/cm 
Switch $1: Syne Tip Switch SI: Sync Tip 
Switch $2: Mono Switch $2: Mono 


C. Gate Tube Cathode (pin 3) F. FM OUTPUT (TP3) 
Amplitude: 2 volts/em Amplitude: .5 volt/em 
Switch Sil: Syne Tip Switch Sl: Syne Tip 
Switch $2: Mono Switch $2: Mono 


Figure MOD-5. Typical Wavetorms 
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Figure MOD-6. Modulator, Rear View 
LIST OF PARTS 
MODULATOR (8974476-502 ) 
CAPACITORS: 
727853-235 mica, 330 puf £5%, 500 v char “D” 
735715-83 paper, 0.47 wf +10%, 200 v 
458558-5 electrolytic, 20/20/20/20 wf +50 -10%, 450 v 
735715-179 |paper, 0.22 uf +10%, 400 v 
735715-171 paper, 0.047 wf +10%, 400 v 
735715-175 paper, 0.1 wf +10%, 400 v 
735715-179 paper, 0.22 pf +10%, 400 v 
8811182-5 ceramic, 10,000 uwuf +100 -20%, 450 v 
Not Used : 
735715-175 paper, 0.1 wf +10%, 400 v 
727853-107 mica, 22 puf +10%, 500 v char ‘‘D” 
8811182-7 ceramic, 1000 puf +100 -20%, 500 v 
218162 984003-13 variable, ceramic, 8/50 ppf 
8811182-5 ceramic, 10,000 puf +100 -20%, 450 v 
90575-303 ceramic, 5.6 puf +1 puff, 500 v 
727851-125 mica, 120 wef +10%, 500 v char “B” 
735715-175 paper, 0.1 uf £+10%, 400 v 
LS G 735715-83 paper, 0.47 wf +10%, 200 v 


C20, C21 8811182-5 ceramic, 10,000 neuf +100 -20%, 450 v 
C22A/D 458558-5 electrolytic, 20/20/20/20 wf +50 -10%, 450 
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Description 


727853-233 mica, 270 wef +5%, 500 v char “D” 
127853-237 mica, 390 wuf +5%, 500 v char “D” 
735715-171 paper, 0.047 wf +10%, 400 v 
735715-175 paper, 0.1 wf +10%, 400 v 

727851-117 mica, 56 wef +10%, 500 v char “B” 
735715-171 paper, 0.047 wf +10%, 400 ¥v 
727853-107 mica, 22 puf +10%, 500 v char “D’ 
735715-175 paper, 0.1 wf +10%, 400 v 

8811182-7 ceramic, 1000 wut +100 -20%, 500 v 
735715-175 paper, 0.1 wf +10%, 400 v 

8811182-5 ceramic, 10,000 puf +100 -20%, 450 v 
8811182-7 ceramic, 1000 puf +100 -20%, 500 v 
735715-175 paper, 0.1 pf +10%, 400 v 

8811182-5 ceramic, 10,000 wuf +100 -20%, 450 v 
735715-175 paper, 0.1 wf +10%, 400 v 

735715-179 paper, 0,22 wf +10%, 400 v 
727851-102 mica, 10 wef +10%, 500 v char “B” 
8811182-5 ceramic, 10,000 wef +100 -20%, 450 v 


Not Used 


7278 53-231 mica, 220 wuf +5%, 500 v char “D” 
727853-240 mica, 510 pf +5%, 300 v char ‘'D” 
727853-23) mica, 220 wuf +5%, 500 v char “D” 
727851-117 mica, 56 wf +10%, 500 v char “B” 


Not Used 
mica, 120 wuf +5%, 500 v char “D” 
Diode: type 1N54A 


727853-225 


872291-9 Lamp: indicator 

990157-108 Fuse: 1 amp, 250 v, slo-blo 
727969-3 Connector: male, 6 contact, chassis mtg. 
255223-2 Connector: coax, chassis mtg. 
460355-2 Relay: 24 v, D.C,, DPDT 
8825473-505 | Coil: choke, 10 microhenry 
8979708-6 Coil: peaking 

8825473-501 Coil: choke, 2 microhenry 
8979708-2 Coil: peaking 

8979708-3 Coil: peaking 

8979708-4 Coil: peaking 

8979708-5 Coil: peaking 

476933-1 Coil: peaking, 2/3 microhenry 
8825473-501 | Coil: choke, 2 microhenry 
476933-3 Coil: peaking, 5/9 microhenry 
8825473-501 Coil: choke, 2 microhenry 
476933-4 Coil: peaking, 9/18 microhenry 
8825473-523 Coil: choke, 200 microhenry 
476933-1] Coil: peaking, 2/3 microhenry 
8825473-506 | Coil: choke, 15 microhenry 
484363-6 Meter: scale 0-1 

727969-4 Connector: female, 6 contact, cable mtg. 
252868-1 Connector: coax, cable mtg. 


893648-2 Adapter: solder type 


RESIS@ORS: 
Pixed, Composition - Unless otherwise specified 
110 ohm 45%, % w 

variable, comp, 250 ohm +10%, 2 w 

300 ohm £5%, % w 


82283-136 
8971860-104 
82283-146 


82283-152 510 ohm £5%, % w 

82283-98 1 meg +10%, % w 

458572-77 wire wound, 10,000 ohm £+5%, 5 w 
82283-158 910 ohm +5%, % w 

8 2283-50 100 ohm +10%, % w 

82283-98 1 meg +10%, % w 

82283-158 910 ohm £5%, % w 

82283-52 150 ohm +10%, % w 

82283-98 1 meg +10%, %w 
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R14 
R1S 
R16 


R41 

R42 to R44 
R45, R46 
R47 

R48 
R49, R50 
RS1 

R52 
R53, R54 
R55 

R56 

R57 

R58 

R59 

R60 

R61 

R62 

R63 

R64 

R65 

R66 

R67 

R68 

R69 

R70 

R71 

R72 

R73 

R74 

R75 

R76 

R77 

R78 
R79, R89, R81 
R82 


102241 


96535 


96214 


53749 


93263 


458574-70 
82283-52 
82283-63 
82283-209 
82283-213 
82283-46 
99126-66 


458574-62 
82283-60 
99126-84 
82283-64 
82283-58 
458574-77 
82283-98 
90496-83 
99126-83 
90496-74 
82283-56 


99126-83 
90496-74 
82283-82 
82283-98 
82283-147 
99126-84 
99126-74 
82883-74 
82283-98 
82283-110 
82283-67 
8 2283-60 
99126-73 
82283-158 
82283-49 
82283-49 
82283-82 
82283-46 
82283-50 
82283-158 
82283-49 
82283-82 
99126-77 
82283-46 
8825410-71 
82283-49 
82283-111 


82283-94 
82283-61 
82283-82 
82283-84 
82283-54 
90496-212 


82283-163 
82283-144 


82283-152 
82283-151 
82283-150 
82283-96 
22IRZ-1S5 


UEeevem ae 


95559-5 


wire wound, 10,000 ohm, +5%, 10 w 


150 ohm +10%, % w 
1200 ohm +10%, % 


w 


120,000 ohm +5%, % w 
180,000 ohm +5%, % w 


47 ohm 410%, 4 w 
2200 ohm #10%, 2 
Not Used 


Ww 


wire wound, 5000 ohm +5%, 10 w 


680 ohm +10%, 4% w 


68,000 ohm +10%, 2 w 


1500 ohm +10%, % 
470 ohm +10%, % w 
wire wound, 15,00 
1 meg +10%, % w 
56,000 ohm +10%, 
56,000 ohm +10%, 
10,000 ohm +10%, 
330 ohm +10%, % w 
Not Used 

56,000 ohm +10%, 
10,000 ohm +10%, 
47,000 ohm +10%, 
1 meg +10%, % w 
330 ohm +5%, % w 
68,000 ohm +10%, 
10,000 ohm +10%, 
10,000 ohm +10%, 
1 meg +10%, % w 
10 meg +10%, % w 
2700 ohm +10%, 
680 ohm +10%, % w 
8200 ohm +£10%, 
910 ohm +5%, % 
82 ohm +10%, % 
82 ohm +10%, % 


z£e#eh 


w 
0 
1 


2 
1 


enw 
= 


% 


Kw p 


w 


w 


47,000 ohm +10%, % 


47 ohm +10%, % w 
100 ohm +10%, 4% w 
910 ohm +10%, % w 
82 ohm +10%, 4% w 
47,000 ohm +10%, 
18,000 ohm +10%, 
47 ohm +10%, % w 


% 
2 


ohm +5%, 10 w 


Ww 
w 
w 


= 


wire wound, 4500 ohm +10%, 10 » 


82 ohm +10%, 4% w 
10 ohm +5%, % w 
Part of XDS1l 


470,000 ohm +10%, % w 


820 ohm +10%, 4 w 


47, 000° ohm +10%, % w 
68,000 ohm +10%, % w 


220 ohm +10%, %w 
160,000 ohm 15%, 

Not Used 

1500 ohm +5%, % w 
240 ohm +5%, % w 

Not Used 

510 chms +5%, % w 
470 ohm +5%, % w 

430 ohm +5%, 4w 


1 


w 


680,000 ohm +10%, % w 


620 ebm £9%. 4% w 
Switch: 


toggle, DPDT 
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8983928-1 Switch: rotary 4 pole 3 position 
"i 895326-4 Transformer: filament 
TPl to TP4 8825493-7 Jack: tip 
V3 Tube: type 6922 
XADS1 990788-507 Lens: indicator light 
XDS1 990789-5 Socket:" indicator light 
XFl 99088-2 Holder: fuse 
XK1 5 99100-4 Socket: relay 
XV1 737867-14 Socket: tube, 
XV2 to XV4 737870-14 Socket: tube, 
XV5 737867-14 Socket: tube, 
XV6, XV7 737870-14 Socket: tube, 
XV8 737867-14 Socket: tube, 


XV9 to xXV1ll 737870-14 Socket: tube, 


Miscellaneous: 
845607-1 Knob: black 


ELECTRON TUBE VOLTAGE TABLE 


Pin Numbers 


NOTE 1: All voltages are dc except those preceded by an asterisk. 


NOTE 2: The voltage readings were taken under the following conditions: Input voltage to modulator 1.0 volt peak-to-peak; 
Switch $1 in SYNC TIP position; switch $2 in MONO position. 


v1 V2A V2B6 
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Figure MOD-7. Modulator Schematic Diagram 


ELECTRONIC RECORDING PRODUCTS 


Picture Monitor’ 
UNIT 103 


RADIO CORPORATION OF AMERICA 
INDUSTRIAL ELECTRONIC PRODUCTS, CAMDEN, N. J. 
* Same as TM-7BR 1B-31125 


PRINTED IN U.S.A. 
A 64! 


Figure PM-1. Picture Monitor 
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TECHNICAL DATA 


Power Required 
115 volts AC, 60 cycles, 125 watts from C.B. #1 


Internal Sync Operation 


Nominal 1.0 volt, peak-co-peak composite video 


External Sync Operation 


Nominal 4.0 volt, peak-to-peak sync required 
(Used to check Tone Wheel Synchronization) 


Frequency Response 
Flat £1 db to 10 me 


Tube Complement 


1 12BY7 L GAY4GTA 
1 6AN8 1 6DQ6 
i ee 2 GAUG 
1 6AQS 3 6CG7 
I 


1B3GT 17BP4B 


VIDEO DEMOD LINE 
INPUT OUT OUT 
ji J2 J3 
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DESCRIPTION 


The Picture Monitor, unit 103, with 17-inch kine- 
scope and all cubes in place, is mounted near the 
top of Rack 1. This is a general purpose, self- 
contained video monitor. 


In this system, the monitor is connected to 115 vac 
for normal scanning and operated with a composite 
video input signal. This signal is connected to J1; 
the unused jack J2 is terminated in 75 ohms. An 
external sync signal, controlled by the Sync Interlock 
Relay Ki, is used for checking the Tone Wheel 
synchronization and is also used with a non-composite 
video signal, if desired. Underscanning to allow view- 
ing of the raster corners is also available. 

The Picture Monitor provides a convenient means 
for checking the performance of the system at various 
points. These procedures are given in detail in the 
overall system instruction book. Two spare push- 
buttons are available for other monitoring applica- 
tions. The monitoring video input is connected to 
the CRO Monitor Switcher, unit 307, Rack 3. The 
signal for monitoring is selected by a row of Monitor 
pushbuttons, designated as follows: 


SPARE SPARE TONE 
WHEEL 
ja J5 Jo 


To check system performance, the following signals may be monitored: 


Signal to be Monitored Pushbutton Designation Type of Sync 


System Video Signal Input 


Demod Video Signal Output 


System Line Ourput 
Tone Wheel Synchronization 


Circuit Description 


The video signal from the input jack is amplified 
in the video amplifier Vi and V2 and coupled to the 
video output amplifier V3. The signal from the out- 
put amplifier is fed to the sync separator V4B and 
also applied to the cathode of the kinescope V5. 
DC restoration is accomplished at the kinescope 
cathode by means of the d-c restorer 4VA, which 
may be switched in (normally used in this position) 
or out of the circuit by the D.C, REST. switch S1, 
located on the rear apron of the chassis. The sync 
amplifier V6 obtains its signal through relay K1 
from the sync separator V4B or from the external 
sync signal appearing at J3 (or J4) depending upon 
the type of operation desired. The signal appearing 
at the plate, pin G6, of VG is integrated by the vertical 
integrator PC101 and fed to the sawtooth generator 
V7. The signal appearing at the plate, pin 1, ot V6 
is fed to the horizontal control tube V9A, 


Distribution Amplifier #1 (304) 
Distribution Amplifier #2 (303) 
Video Processing Amplifier (308) LINE OUT 
Tone Wheel Amplifier (505) 


VID INPUT 
DEMOD OUT 


TONE WHEEL 


The output of the vertical sawtooth generator is 
coupled to the vertical output amplifier V8. By use 
of feedback, the linearity of this stage is optimized 
and the signal is then applied to the vertical windings 
of the deflection yoke. 

The horizontal control signal from V9A is coupled 
to the horizontal oscillator V9B which generates a 
sawtooth waveform to drive the horizontal output 
tube V10. The damper tube V12, which is connected 
across a portion of the horizontal output transformer 
T3, conducts the horizontal sweep current during 
the first third of the sweep cycle. The horizontal 
output transformer which can be connected for nor- 
mal or underscan operation, couples the sweep cur- 
rent to the horizontal windings of the yoke and also 
couples flyback energy to the high voltage rectifier 
Wi. The kKoesiype uli wage is davelopad 
by V11. 
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1ST VIDEO 
VIDEO AMPLIFIER 
4! Onur 


J2 6) vi 6AU6B 


2ND VIDEO 
AMPLIFIER 


v2 6AU6 


SILICON SYNC SEP 
RECTIFIER 


CRI & CR2 


I 
INIO84 V4B 3 SANS 


OUTPUT VIDEO 


AMPLIFIER 
v5 
v3 12BY7)} wl out 14CP4A 
oune) I7BP4A 
S| 21AWP4 
O oc 
RESTORER 


VERT 
OUTPUT 


H.V. 
RECTIFIER 


vil 


v8 6AQ5 IB3GT 


HOR. 
OUTPUT 


VIO 


6DQ6 


8442490 


Figure PM-2. Block Diagram 
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O 
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INPUT S2 SOCKET 
30 O xVi4 
EXT/REM 
146 
SYNC VERT ST. 
J6O© AMPLIFIER GENERATOR 
SYNC 
INTERLOCK V6 I2ATT V7 6CG7 
CONTROL 
HOR. 
CONTROL 
INSTALLATION 


The Picture Monitor is shipped installed in Rack 1. 
The monitor is connected for use with external sync 
with the relay K1 plugged in the socket XV14, 


To operate from the external sync, switch $2 is 
placed in the EXT/REM position, EXT SYNC J3 
is connected to J12, MON SYNC OUT on the Refer- 
ence Generator, unit 407. In this system, the selection 
of internal or external sync as required is controlled 
automatically from the CRO Monitor Switcher, unit 
307. When the relay K1 is energized, (J6 is grounded), 
the monitor operates from internal sync, When relay 
K1 is deenergized, the monitor operates from external 
sync. The AUX BRIGHTNESS control R37 is part 
of the Sync Interlock Circuit. Proper adjustment of 
this contro] when using external sync provides con- 
stant background brightness levels when switching 
between composite and non-composite video signals. 


Underscan operation of the monitor is available 
if desired, 


CAUTION: Make sure the monitor a-c 
power is turned off and that the high volt- 
age is discharged before proceeding with 
the underscan procedure. 


a. Disconnect the lead found on T3-6 and reconnect 
it to T3-2, 


b. Disconnect the lead found on T3-3 and reconnect 
it to T3-1. 


c. Turn on the AC power and allow the monitor 
to warm up. 


d. Readjust the horizontal and vertical linearity 
and width controls to obtain more or less underscan 
as desired, 


OPERATION 


The monitor is shipped mounted in Rack 1 with 
all connections and adjustments made. The identifica- 
tion and function of all controls on the monitor have 
been tabulated in the following, chart for convenient 
reference: 
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Proper adjustment of the CONTRAST control lines can be observed in the picture blacks. If the 
depends upon the incoming video signal level, The picture being viewed contains no black areas, the 
BRIGHTNESS control should normally be adjusted blanking level may be used as a reference. Adjust 
in conjunction with the CONTRAST control so that the HORIZ HOLD and VERT HOLD controls until 
the black areas of the picture are at the kinescope the picture is in sync, Then adjust the BRIGHTNESS 
cutoff voltage. This condition exists when no scanning control for the desired brightness, 


“CONTROL CHART 


j 5 Symbol : 
Panel Designation Function 


Front Panel 
HOR. DRIVE 


CW adjustment to point just below the position causing one or more drive 
bars to appear in raster. 


HORIZ HOLD Adjust syne of picture horizontally. 


VERT HOLD Adjust sync of picture vertically, 


HEIGHT Adjust for desired height of raster. 


VERT LIN 


Adjust for desired vertical linearity of raster. 


BRIGHTNESS CCW to obtain normal background Ievel; adjust in conjunction with 


CONTRAST. 


CONTRAST Adjust with BRIGHTNESS; refer to conditions p, PM-S. 


ON-OFF 


AC power, 


Chassis Mounted 
VERT FEEDBACK 


R54 


Adjust with HEIGHT and VERT LIN to obtain optimum vertical linearity. 


HOR STABILITY Part of T2 


Adjust so that waveform appearing at terminal C of T2 appears as shown 
in figure PM-5E. 


Rear Apron 
AC UTILITY OUTLET 


Convenience. 


J8 


AUX BRIGHTNESS R37 Adjust to obtain the same brightness level when switching video signals 
with or without sync; part of Sync Interlocking Circuit. 

VIDEO INPUT Ji, J2 Composite or non-composite video signal; J2 terminated in 75 ohms or 
looped through to other equipment. 

SYNC INPUT J3, J4 External syne signal; J4 terminated or looped through; for this system, 
external sync from Reference Generator to ]3. 

OUT/IN DC REST Sl Switches d-c restorer V4A in or out of the circuit. 

INT-EXT/REM $2 Selects external or internal sync according to the application. 

SYNC INT J6 Phono pin jack for phone plug P6 when connected to a gtounding switch 
at the monitor or remote. 

WIDTH L9 Screwdriver adjustment so that raster fills entire screen. 

HORIZ LIN L10 Screwdriver adjustment to obtain best linearity, 
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WARNING 


THE VOLTAGES EMPLOYED IN THIS 
EQUIPMENT ARE SUFFICIENTLY 
HIGH TO ENDANGER LIFE. MAKE 
CERTAIN POWER IS OFF AND CAPAC- 
ITORS ARE DISCIIARGED BEFORE 
TOUCHING ANY COMPONENT. 


The picture monitor has been conservatively de- 
signed for continuous aperation. With ordinary care 
a minimum of service will be required to keep the 
equipment in a satisfactory operating condition. To 
avoid interruptions due to equipment failure, a reg- 
ular schedule of inspection should be established. 


The monitor should be cleaned and dusted thor- 
oughly during inspection periods. All cable connec- 
tions should be checked periodically and tightened 
when necessary. Make certain all ground connections 
are tight. 

Periodically check all tubes in the equipment and 
record the results in previously prepared forms. As 
far as possible, tube failure should be anticipated by 
reference to the tube log. Spare tubes should be 
available in the event of an obvious failure. 


To Replace Kinescope 

The monitor is shipped with the kinescope and all 
tubes in place. The basic procedure outlined below 
can be used to remove and replace a kinescope: 


CAUTION: Handle the kinescope at the 
corners near the front of the tube. Do not 
apply pressure on the neck of the tube. 
Shatter proof glasses and heavy gloves 
should be worn. Persons not so equipped 
should be kept at a safe distance from the 
tube being handled. 


1, Remove all interconnecting cables from the 
jacks. 

2. Remove the monitor chassis from the rack 
mounting. 

3. Observe the precaution necessary for removing 
the kinescope. 

4. Remove the kinescope socket, ion trap and 
mounting strap. 


5. Remove the kinescope. 


6. Follow this procedure in reverse when installing 
the new kinescope. The ion trap must be adjusted 
before the back cover is replaced. Refer to Alignment 


for the procedures to be followed after replacing a 
tube or component. 


Alignment 

When a component has been replaced in the Pic- 
ture Monitor, one or more of the following adjust- 
ments may be necessary with the monitor connected 
for normal scan: 


1. Ton-Trap Magnet 
a. Apply power to the monitor and allow the tubes 
to reach operating temperature. 


b. Rotate the BRIGHTNESS control to its maxi- 
mum clockwise position. 


c. Adjust the ion-trap magnet for maximum bright- 
ness of the raster. 


d. Synchronize the raster by means of the HORIZ 
HOLD and VERT HOLD controls, (if necessary). 


e. Rotate the BRIGHTNESS control counterclock- 
wise until a raster of the desired brightness is obtained. 


f. Readjust the ion-trap magnet for a maximum 
brightness. 


2. Yoke Positioning 

In order for the deflection yoke to operate properly, 
it must ride the neck and bell of the kinescope so 
that it sits as close to the face of the kinescope as pos- 
sible. If necessary, loosen the wing screw securing 
the yoke in its mounting and push the yoke forward 
as far as possible. Should the yoke need to be moved 
further, loosen the screws holding the deflection and 
focusing assembly to the chassis and slide the assem- 
bly toward the front of the chassis, When sufficient 
distance has been obtained, tighten the assembly to 
the chassis again. Rotate the yoke as needed until the 
scanning lines are horizontal. Tighten the wing screw. 


3. Centering 
a. Turn the ac power on and allow the monitor 
to warm up. 


b. Loosen the centering adjustment locking lever 
located on the focus magnet mounting. 


c. Center the raster by re-positioning the omni- 
directional centering adjustment. Proper centering 
will result in a raster free of neck shadows, 


d, Tighten the locking lever. (The raster may have 
to be recentered after optimum horizontal and vertical 
linearity are obtained.) 


4. Horizontal Drive 

The HORizontal DRIVE control, C40, should be 
adjusted in a clockwise direction to a point just below 
the position that causes one or more “drive bars” to 


appear in the raster. A drive bar appears as a bright 
vertical line near the center of the raster. 


5. Focus 

To obtain best focus adjust the knurled and slotted 
knob located at the rear of the focus-deflection assem- 
bly and parallel to the neck of the kinescope. 


6. Vertical Linearity 
a. Adjust the HEIGHT and VERTical LINearity 
controls for the desired height and vertical linearity. 


b. In conjunction with the two controls in step a, 
adjust the VERTical FEEDback for minimum fold- 
over or compression at the top of the raster and 
thus optimum vertical linearity. 


7. Width and Horizontal Linearity 

a. Adjust the WIDTH control, L9, on the rear wall 
of the high voltage compartment so that the raster 
fills the entire screen as desired. 


b. Adjust the HORIZontal LINearity control, L10, 
also located on the rear wall of the high voltage com- 
partment, for the best linearity. 


NOTE: In order to obtain the best overall linearity 
it may be necessary to go back and touch up all 
controls. Also, when the monitor is connected for 
underscan (see INSTALLATION) all controls may 
once again need retouching for best linearity. 


8. Auxiliary Brightness Control 


a. Place the INT-EXT/REM switch, $2, on the 
rear apron, in the INT position. 


b. Apply a video signal with sync to the video 
input jack, J1 or J2, terminating the unused jack. 
Adjust the BRIGHTNESS control, R36, for a normal 
background level. 


c. Place the INT-EXT/REM switch, $2, in the 
EXT/REM position and apply a video signal without 
sync but of the same level as the video portion of 
the signal applied in step b. 


d. Apply a sync signal to the SYNC input jack, 
J3 or J4, terminating the unused jack. 


e. Adjust the AUXiliary BRIGHTNESS control 
R37, for the same background level as that in step b. 


If the AUXiliary BRIGHTNESS control is prop- 
erly adjusted, the same brightness level will result 
when switching video signals with or without sync. 


The Sync Interlock feature is used in this system; 
therefore, relay K1 must be plugged into the socket 
XV14 and the IN'1-EX'1'/REM switch 52, must be 
in the EXT/REM position, Grounding of the center 
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conductor of the Phono-Jack J6, allows the relay to 
switch internal or external sync to the monitor as 
selected by the pushbuttons on the CRO Monitor 
Switcher. 


Trouble Shooting 
When faulty monitor operation occurs, check the 


fuses, tubes, power input and signal inputs, and set- 
ting of the BRIGHTNESS control. 


Representative waveforms for all circuits are shown 
in figures PM-3 through PM-5. Also shown in these 
figures are typical peak-to-peak voltages. Reference 
to these waveforms will assist in locating faulty cir- 
cuits and components. A block diagram and sche- 
matic diagram are shown in figures PM-2 and PM-9 
respectively. For circuit checking, see the bottom view 
of the monitor, figure PM-8. 


Service Adjustments 


1. Horizontal Oscillator Adjustment 

With an input sync signal of nominal value (sta- 
tion standard syne amplitude on a composite signal 
if internal sync is used, or 4 volts of sync, if external 
sync is used) the horizontal frequency control 
will synchronize the raster horizontally when the - 
HORIZontal HOLD control is properly adjusted. Be 
sure the monitor has had a 20 minute warm-up period 
before making this adjustment. 


The HOR STABILITY adjustment (part of T2) 
should be such that the waveform appearing at termi- 
nal C of T2 appears as shown in figure 5E. Using a 
high impedance probe, observe this waveform. The 
picture should be synchronized horizontally with the 
HORIZ HOLD control while this adjustment is being 
made. The criterion of this adjustment is that the 
broad and sharp positive peaks of the waveform be 
at the same level as shown in figure 5E. 


2. Frequency Response Adjustment 

Variable peaking coils (L2, L3, L5 and L6) are 
provided in the video amplifier for adjusting the 
amplitude frequency response when using a video 
sweep generator, a diode detector and an oscilloscope. 
Feed the generator into the VID INPUT Jt and place 
a low capacity probe (42 mmf) at the cathodes of V5, 
pin 11. When adjusted, the frequency response should 
be flat within +1 db at 10 me. 


Since tube replacement in the video amplifier will 
probably have no appreciable effect on picture resolu- 
tion of 0 —4, it should not normally be necessary to 
re-adjust the pea‘cing coils. 


TYPICAL SOCKET VOLTAGES 


Pin 
Ho. 


ae ee 


14CP4A 
Kinescope L7BP4A 
21LAWP4 


Syne Amplifier 12AT? 
Vertical Sawtooth Generator 6CG7 


i 
i 
nN 


= 


sas 


Horizontal Control and Osc. 6CG7 
; Do NOT 
1 
= MEASURE 
H.V. Rectifier 1B3GT DO NOT MEASURE 


vse | omer | owe fs | nts | is | oo | | TT Ld ef 


CONDITIONS: 
No Video Signal. 
Switch Sl] - IN. 
Switch S2 - INT. 
Measured with RCA Senior VoltOhmyst, WV-98A, from pin to gnd. 
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1. Grid of Video Amplifier; V1-1, 
1.4 v p-p 


5. Cathode of Video Amplifier; V2-7, 
1.4 v p-p 


9. Cathode of Kinescope; V5-1], 
34 v p-p, DC restorer in 


2. Plate of Video Amplifier; V1-5, 
2.3 Vv p-p 


6. Grid of Video Output Amplifier; 
V3-2, 3.7 v p-p 


10, Cathode of Kinescope; V5-11, 
37 v p-p, DC restorer out 


2.3 v p-p 


7. Plate of Video Output Amplifier; 
V3-7, 34 v p-p 


11. Grid of Syne Separator; V4B-8, 
28 v p-p 


3.7 v p-p 


8. Cathode of Video Output Amplifier; 
V3-1, 2.6 v p-p 


12. Plate of Sync Separator; V4B-6, 
5.6 v p-p 
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A Control Grid of Kinescope; V5-2 B Sync In Jack, 4 v p-p C Plate of Sync Amplifier; V6-1, D Plate of Sync Amplifier; V6-6, 
19 v p-p 10 v p-p 2.2 v p-p 


E Grid of Vertical Sawtooth Generator; fF Plate of Vertical Sawtooth Generator; @ Plate of Vertical Sawtooth Generator; H Grid of Vertical Sawtooth Generator; 
V7-2, 0.3 v p-p V7-1, 43 v p-p V7-6, 48 v p-p V7-7, 14 v p-p 


J Plate of Vertical Output Amplifier; K Cathode of Vertical Output Amplifier; Junction of Diodes CR1 and CR2; 


| Grid of Vertical Output Amplifier; 
290 v p-p 


V8-1, 28 v p-p V8-5, 680 v p-p V8-2, 1.7 v p-p 
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A 


Junction of Diode CR2 and Filter B Grid of Horizontal Contro! Tube; 


Choke L8; 100 v p-p 


E Terminal C of Synchroguide 
Transformer; T2-C, 125 v p-p 


C Grid of Horizontal Oscillator; D Plate of Horizontal Oscillator; 


V9A-2, 28 v p-p V9B-7, 450 v p-p V9B-6, 250 v p-p 


F Grid of Horizontal Output Amplifier; 
V10-5, 96 v p-p 


G Plate of Damper Tube; V12-5, 
145 v p-p 
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Figure PM-6. Picture Monitor {Rear View) 
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Figure PM-7. Picture Monitor [Top View] 
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Figure PM-8. Picture Monitor (Bottom View] 


PM-15 


LIST OF PARTS 


CAPACITORS: 

paper, 0.1 wf +20%, 200 v 
electrolytic, 500/500 wf, 25 v 
electrolytic, 20/20/20/20 uf, 450 v 
paper, 0.047 wf +20%, 400 v 
paper, 0.1 wf +20%, 400 v 
mica, 100 wef +10%, 300 v 
mica, 510 wut +5%, 300 v 
paper, 0.22 uf +20%, 400 v 
mica, 100 wyf +20%, 300 v 
paper, 0.1 wf +20%, 200 v 
ceramic, 0.01 wf +100 -0%, 500 v 
paper, 0.1 wf +20%, 200 v 
paper, 0.0047 wf +20%, 600 v 
ceramic, 0.001 wf +20%, 500 v 
paper, 0.22 wf +20%, 400 v 
paper, 0.047 uf +20%, 400 v 
paper, 0.018 »f 410%, 600 v 
paper, 0.1 wf +20%, 200 v 
paper, 0.1 wf +10%, 400 v 
paper, 0.047 wf +10%, 600 v 
paper, 0.033 wf +10%, 600 v 
electrolytic, 100 wf, 50 v 
mica, 500 uf, 20 KV 

paper, 0.022 wf +20%, 1000 v 


216271 
98408 


98422 
218966 


98422 


73960 


102234A 


214667 
99126 


75220 electrolytic, 150 mwuf, 200 v 
219150 electrolytic, 160-10 wf, 350 v 
109316 ceramic, 15 wuf N.P.O. +5%, 500 v 
218221 mica, 82 wyuf +10%, 300 v 


95320 mica, 47 pwuf +10%, 300 v 
paper, 0.047 wf +20%, 600 v 
paper, 0.1 wf +20%, 400 v 
paper, 0.022 uf +20%, 600 v 
paper, 0.47 pf +20%, 200 v 
mica, 330 wpyf +20%, 300 v 
paper, 0.01 pf +20%, 600 v 
mica, 820 puf +10%, 300 v 
variable, ceramic, 60-300 puyuf 
mica, 820 pyf +10%, 300 v 
paper, 0.1 pf +20%, 600 v 
paper, 0.039 wf +10%, 600 v 
paper, 0.047 pf +20%, 600 v 
paper, 0.022 wf +20%, 600 v 
ceramic, 0.0047 pf +20% 


217351 Rectifier: silicon diode 
98682 Fuse: 1-1/2 amp, slo-blo = 
218140 Fuse: 1/4 amp, slo-blo 


51800 Connector: female, single contact 
Not Used 

Connector: phono jack 

Not Used 

Connector: female, 2 contact 
Socket: yoke 

Coil: video peaking 

Coil: video peaking 

Coil: video peaking 

Coil: video peaking 

Coil: video peaking 

Coil: video peaking 

Yoke: deflection \ 
Reactor: filter choke 

Coil: width 

Coil: horizontal linearity 

Not Used 


Cable: power and connector 


35787 


52855 

35787 

219153 
219154 
219155 
216450 
219156 
219157 
219158 
213319 
219159 
219160 


219162 
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215349 
31048 
51209 


79246 


219165 


213322 
213322 


213323 


219151 


219166 


213324 


Connector: power cable adaptor 
Connector: phono plug 

Connector: adapter for XV14 (Sync relay) 
Not Used 

Connector: yoke plug 

Intergrator: vert. 


RESISTORS: 

Fixed, Composition - Unless otherwise specified 
1 meg +10%, Bw 

2200 ohm +10%, % w 

100 ohm +10%, % w 

variable comp., 1000/1000 ohm +20%, 2 w 
10,000 ohm +5%, 4% w 

1300 ohm +5%, % w 

15,000 ohm +10%, 2 w 

2200 ohm +10%, % w 

1 meg +10%, % w 

100 ohm +10%, % w 

8200 ohm +5%, % w 

47,000 ohm +10%, % w 

1000 ohm +5%, %w 

2200 ohm +10%, 1 w 

270,000 ohm +10%, % w 

100 ohm + .%, 4% w 

68 ohm +10%, % w 

470 ohm +10%, % w 

5600 ohm +5%, % w 

1200 ohm +5%, 2 w 

10,000 ohm +10%, 2 w 

470,000 ohm +10%, % w 

3900 ohm +10%, 1 w 

22,000 ohm +10%, 1 w 

10 meg +10%, 1 w 

2700 ohm +10%, % w 

5600 ohm #10%, 1 

680 ohm +10%, % w 

22,000 ohm +10%, lw 

39,000 ohm +10%, % w 

430,000 ohm +5%, 4 w 

varaible, comp., 500,000 ohm +30%, 4% w 
variable, comp., 500,000 ohm +30%, % w 
5600 ohm 410%, % 

68,000 ohm +10%, 

68,000 ohm +10%, 

1 meg 410%, % w 

3900 ohm +10%, % 

1500 ohm +10%, % 

15,000 ohm 110%, 

150 ohm +10%, % w 

180,000 ohm +10%, % 

100,000 ohm +10%, % 

150,000 ohm +10%, 1 

1500 ohm £5%, % w 

120,000 ohm +10%, % w 

variable, comp., 250,000 ohm £20%, 2 w 
1.8 meg £+10%, % w 

variable, comp., 25,000 ohm +20%, % w 
2.2 meg +10%, % w 

22,000 ohm +10%, lw 

220,000 ohm £10%, 1 w 

390 ohm +10%, 1 w 

variable, wire wound, 1000 ohm £20%, 2 w 
150 ohm +10%, % w 

variable, comp., 2 meg +30%, 2 w 


R62 
R63 
R64 
R65 
R66 
R67 
R68 
R69 
R70 
R71 
R72 
R73 
R74 
R75 
R76 
R77 
R78 
R79 
R80 
R8 1 
R82, R83 
R84,R85 


T5 to T177 
T178 
XCR1, XCR2 
XF1, XF2 
XV1, XV2 
XV3, XV4 
XV5 
XV6 , XV7 
Xv8 

Xv9 

Xv10 

XV11 

XV12 


103030 


216957 


213327 


96714 
97715 


wire wound, 3.9 ohm +10%, % w 
2200 ohm +10%, % w 
100,000 ohm +10%, 1 w 
100,000 ohm +10%, 4% w 
wire wound, 10 ohm, 
150,000 ohm +10%, 4% w 
47,000 ohm +10%, % w 
330,000 ohm +10%, % w 
820,000 ohm +10%, % w 
330,000 ohm +10%, % w 
82,000 ohm +10%, % w 
150,000 ohm +10%, % w 
variable, comp., 100,000 ohm +20%, 2 w 
91,000 ohm 45%, % w 

3900 ohm +10%, % w 

47,000 ohm +10%, % w 

2.2 meg +10%, % w 

470,000 ohm 410%, % w 

150 ohm +10%, %w 

47,000 ohm +10%, % w 

6800 ohm +10%, 2 w 

100,000 ohm +10%, % w 

Switch: slide, D.P.D.T. 

Switch: toggle, S.P.S.T. 

Not Used 


10 w 


216960 
221312 
213329 


219167 


48894 
94925 
94926 
74834 
94926 
94925 
949 26 
68590 
216961 
68590 


219163 
219161 
213589 
219164 
76141 
ST711 
79964 
219168 
213517 


synchro guide 
hi-voltage 
vertical output 


Transformer: 
Transformer: 
Transformer: 
Not Used 


Transformer: power 
Holder: silicon ‘diode 
Holder: fuse 

Socket: tube, 7 pin 
Socket: tube, 9 pin 
Sotket: kine, 5-20" leads 
Socket: tube, 9 pin 
Socket: tube, 7 pin 
Socket: tube, 9 pin 
Socket: tube, octal 
Socket: tube (1B3) 


Socket: tube-octal 


Miscellaneous: 
plate for VIC 
tube, cap for C25 


Cap: 
Cap: 


Glass: safety 17" 
Insulator: 1B3 socket 
Ion Trap 


black control 
H.V. anode 

focus and centering 
17" for kine 


Knob: 
Lead: 
Magnet: 
Mask: 
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Figure PM-9. Schematic Diagram 
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Figure VRA-1. Video Record Amplifier 


TECHNICAL DATA 


Power Required 


Filament Transformer: 117 volts, 50/60 cps, 90 watts 
(from circuit breaker No. 1) 


Plate: 280 volts dc, 940 ma 
(from power supply No. 1, unit 409) 


Number of Amplifier Channels 


Four (one for each video head in headwheel) 


Input Impedance (each channel) 
75 ohms 


Input 
Four FM signals from Record Delay Amplifier 


Output Load 
Four Video Heads 


Maximum FM Output Current 
200 ma peak-to-peak 


Frequency Response 
Flat from 0.5 mc to 7 mc £1 db 


Fuses 


1  SLO-BLO 3AG, 1/2 amp 
4 fast acting, 8AG, /g amp 


DESCRIPTION 


The Video Record Amplifier (figure VRA-1) 
which provides final amplification of the f-m signals, 
contains four identical amplifier channels. These 
channels amplify the f-m outputs of the record delay 
amplifier, to supply the driving currents to the 
four video heads. A gain control in, each channel is 
used to optimize the current for each of the four 
video heads. 


In addition, the record amplifier contains a trans- 
fer relay which applies B+ voltage to the different 
f-m chassis in accordance with the mode of operation. 
To permit monitoring the individual head currents, 
a rectifier circuit in each channel feeds a d-c voltage, 
proportional to the head current, to the circuit of the 
RECORD CURRENT meter on the control panel. 


The driver stages are shielded on the front and 
rear of the chassis to prevent cross coupling with 
other tape recorders. A fan mounted on the rear of 
the chassis cools the output stages; also, special low- 
capacitance cables (between the output jacks and the 
video preamplifier, unit 203) are used to reduce 
attenuation of high frequencies. 


VRA-3 


Circuit 

The four separate signals from the record delay 
amplifier enter the unit through jacks J101, J201, 
J301, and J401 (see figures VRA-5 and 6). The first 
stage in each channel has a gain control which is 
adjustable from the front panel. Amplification in 
each channel is achieved by three voltage amplifiers 
whose output circuits use shunt or series peaking, 
or a combination of both types. 


The outputs of the record amplifier are used to 
drive the video heads which are also the ac loads for 
the output amplifiers. However note, before the sig- 
nals reach the output jacks of their respective chan- 
nels, they pass through a 125 ma fuse (e.g. F101, 
Chan. 1) which is used to protect the head from 
excessive currents in case of component failure. 


A toggle switch in each channel is also provided 
as a safety measure to avoid damage of the video 
heads. For instance, if troubleshooting becomes neces- 
sary on the headwheel servo system, there may be 
times when the machine is in the RECORD or 
SETUP mode, and the headwheel motor is standing 
still. As a precaution against excessive heating and 
possible damage to the video heads, the switch is 
provided in the output of each channel so that B+ 
may be cut off from the driver stage. 


A peak-to-peak detector (CR101, CR102, etc.) sam- 
ples a portion of the cathode voltage of each stage. 
Since the cathode voltage is proportional to the head 
current, the sampled voltage is an indication of the 
head current. The detected voltage for each channel 
is monitored on the RECORD CURRENT meter, 
located on the control panel, by selecting the desired 
channel on the VIDEO METER SEL switch. 


Transfer relay K1 (controlled from the control 
panel) is the main B+ relay. that energizes the proper 
FM chassis during the RECORD mode, and at the 
same time it de-energizes the fm chassis used during 
playback. In the PLAYBACK mode, relay K1 de- 
energizes the fm chassis used for recording and 
energizes the fm chassis used during playback. For 
example, in RECORD and SETUP, relay K1 is ener- 
gized and supplies B+ to the record amplifier, record 
delay amplifier, and the erase oscillator unit. In 
PLAYBACK, STANDBY and WIND modes, the 
relay is de-energized and supplies B+ power to 
the preamplifier, playback amplifier, playback delay 
amplifier, equalizer, and the 4X2 switcher (see figure 
VRA-7). Two neon bulbs give indication of B+ 
voltage on each chassis, 


VRA-4 


OPERATION 


Operating the record amplifier consists of setting 
the four gain controls R101, R201, R301, and R401, 
for optimum head currents. This procedure entitled 
Head Optimization is outlined in the instruction for 
the headwheel panel, and also in the Operation 
Manual. 


MAINTENANCE 


~Waveforms shown in figure VRA-3 are provided 

to assist in troubleshooting. The information beneath 
each waveform gives the levels at various points 
throughout the unit; these levels will vary depend- 
ing on the current required for head optimization, 


The table of Typical Tube Socket Voltages (page 
13) should be referred to when troubleshooting the 


NOTES: 


unit. Make certain to refer to the notes given below 
the table. 


The following procedure should be used when 
sweeping any of the four channels. Refer to figure 
VRA-2 for proper waveforms. 


1. Disconnect the cable from the input jack of the 
channel to be swept. 


2. Connect a video sweep generator (1 to 10 mc) 
to the input jack. 


3. Turn OFF output stage B+ switch to other 
three channels. 


4, Place machine in SET-UP. 


5. Connect a Tektronix Type 535 scope (or equiva- 
lent) to TP1 on the video preamplifier chassis. The 
output should be as shown in figure VRA-2B when 
compared to input figure VRA-2A. 


1. Photographs taken from a Tektronix Type 535 scope, 10:1 attenuator, 11.5 uyuf probe. 
2. Turn off B+ switches to all channels except the one being checked. 
3. Sweep frequency runs right to left. Each marker indicates 1 mc, starting at 3 mc on the right and going 


to 11 mc on the left. 


A. FM Input J101 (TP101) (.05v/Div) 


(.2v/Div) 


B. Record Amp Output across 
10 2 Res., TP? on Preampli- 
fier Chassis (Unit 203) 


Figure VRA-2. Video Record Amplifier, Input and Output Sweep Response 
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NOTES: 
i. All photographs have the same time base, 2 milliseconds /cm. 
2. Data taken with machine in SETUP mode. 
3. Waveform taken of channel 1; also typical for other channels. 
4. Waveforms taken with Tektronix Type 535A; 10:1 attenuator, 11.5 puf probe. 


5. Remove probe before recording. 


A. TP101 (.2v/em) B. V101 Pin 5 {.2v/em) 


C. V102 Pin 6 (2v/em) D. V103 Pin 9 (20v/em) 


E. TP102 (2v/em) F. TP1 on Preamplifier (.5v/em) 
(Unit 203) All Heads Off 


Except CH-1 


Figure VRA-3. Video Record Amplifier, Waveforms and Voltage Levels 
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CHANNEL SWITCHES 


OUTPUT JACKS 


Figure VRA-4. Video Record Amplifier, Rear View 
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VRA-8 
LIST OF PARTS 


RECORD AMPLIFIER (8971481-501 ) 
486670-1 Blower: 115 v, 50/60 cycle 


CAPACITORS: 

electrolytic, 20/20 uf, 450 v 
paper, 0.22 wf +10%, 400 v 
ceramic, 10,000 wuf +100 -20%, 450 


Bl 97264A 


C1A/B 
C2, C3 
C4 to C7 


99295 458557-5 
735715-179 


8811182-5 


C8 to C100 
C101 

C102 

C103 

C104 

C105, C106 
C107 

C108 to C110 
Ccill 

C112 to C115 
C116 

C117 

C118 

C119 to C200 
C201 

C202 

C203 

C204 

C205, C206 
C208 to C210 
C210 

C211 

C212 to C215 
C216 

C217 

C218 

C219 to C300 
C301 

C302 

C303 

C304 

C305, C306 
C307 

C308 to C310 
C311 

C312 to C315 
C316 

C317 

C318 

C319 to C400 
C401 

C402 

C403 

C404 

C405, C406 
C407 

C408 to C410 
C411 

C412 to C415 
C416 

C417 

C418 

CR101, CR102 
CR103 to CR200 
CR201,CR202 
CR203 to CR300 
CR301, CR302 
CR303 to CR400 


101610 


101610 


101610 


101610 
59395 


59395 


59395 


727851-139 


8811182-5 
727851-139 
8811182-5 
727851-139 
8811182-5 
727851-139 
8811182-5 
8411456-23 
727851-111 
936282-4 


727851-139 


8811182-5 
727851-139 
8811182-5 
7T27851-139 
8811182-5 
727851-139 
8811182-5 
8411456-23 
727851-111 
936282-4 


727851-139 


8811182-5 
727851-139 
8811182-5 
727851-139 
8811182-5 
727851-139 
8811182-5 
8411456-23 
727851-111 
936282-4 


727851-139 


8811182-5 
727851-139 
8811182-5 
727851-139 
8811182-5 
727851-139 
8811182-5 
8411456-23 
727851-111 
936282-4 


Not Used 

mica, 470 puf +10%, 
Not Used 

ceramic, 10,000 puf 
mica, 470 puf +10%, 
ceramic, 10,000 put 
mica, 470 pyuf +10%, 
ceramic, 10,000 yuf 
mica, 470 upf 410%, 
ceramic, 10,000 pyf 
ceramic, 10,000 pyf 
mica, 33 pyef +10%, 
ceramic, 0.1 wf +10 
Not Used 

mica, 470 uwuf +10%, 
Not Used 

ceramic, 10,000 pyuf 
mica, 470 wuf +10%, 
ceramic, 10,000 pyf 
mica, 470 put +10%, 
ceramic, 10,000 uyf 
mica, 470 puf +10%, 
ceramic, 10,000 put 
ceramic, 10,000 puf 
mica, 33 puf +10%, 
ceramic, 0.1 uf +10 
Not Used 

mica, 470 puff +10%, 
Not Used 

ceramic, 10,000 pupuf 
mica, 470 puf +10%, 
ceramic, 10,000 pyf 
mica, 470 wuf +10%, 
ceramic, 10,000 pyf 
mica, 470 puf +10%, 
ceramic, 10,000 pet 
ceramic, 10,000 yuf 
mica, 33 pyf +10%, 
ceramic, 0.1 pf +10 
Not Used 

mica, 470 uyf +10%, 
Not Used 

ceramic, 10,000 ywuf 
mica, 470 pwuf +10%, 
ceramic, 10,000 puf 
mica, 470 puf +10%, 
ceramic, 10,000 put 
mica, 470 wuf +10%, 
ceramic, 10,000 ppt 
ceramic, 10,000 uuf 
mica, 33 puf +10%, 
Ceramic, 0.1 pf +10 
Diode: type 1N34A 
Not Used 
Diode: 
Not Used 
Diode: 
Not Used 


type IN34A 


type 1N34A 


300 v char “B” 


+100 -20%, 450 
300 v char “B” 
+100 -20%, 450 
300 v char “B” 
+100 -20%, 450 
300 v char ‘'B” 
+100 -20%, 450 
+10%, 1000 v 

500 v char “B” 
0 -20%, 30 ¥ 


300 v char “B” 


+100 -20%, 450 
300 v char “B” 
+100 -20%, 450 
300 v char ‘‘B” 
+100 -20%, 450 
300 v char “B” 
+100 -20%, 450 
+10%, 1000 v 
500 v char ‘B” 
0 -20%, 30 v 


300 v char “B” 


+100 -20%, 450 
300 v char ‘'B” 
+100 -20%, 450 
300 v char ‘“B” 
+100 -20%, 450 
300 v char “B” 
+100 -20%, 450 
410%, 1000 v 

500 v char ‘B” 
0 -20%, 30 v 


300 v char “B” 


+100 -20%, 450 
300 v char “B” 
+100 -20%, 450 
300 v char ‘*B” 
+100 -20%, 450 
300 v char “B” 
+100 -20%, 450 
+10%, 1000 v 
500 v char ‘'B” 
0 -20%, 30 ¥ 
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CR401, CR402 59395 : Diode: type IN34A 
DS1 101857 872291-9 Lamp: indicator 
Fl 98682 990157-109 Fuse: 1.5 amp, 125 v, slo-blo 
F2 to F100 Not Used 
F101 218479 8851771-24 Fuse: 1/8 amp, 250 v 
F102 to F200 Not Used 
F201 218479 8851771-24 Fuse: 1/8 amp, 250 v 
F202 to F300 Not Used 
F304 218479 8851771-24 Fuse: 1/8 amp, 250 v 
F302 to F400 Not Used 
218479 8851771-24 Fuse: 1/8 amp, 250 v 
51800 255223-2 Connector: coax, chassis mtg. 
51594 727969-1 Connector: female, 6 contact, chassis mtg. 
55806 727969-7 Connector: male, 8 contact, chassis mtg. 


4573 67089-4 


Connector: female, 2 contact, cable mtg. 


J5 to J100 Not Used 
J101,J102 51800 255223-2 Connector: coax, chassis mtg. 
J103 to J200 Not Used 
J201,J202 51800 255223-2 Connector: coax, chassis mtg. 
J203 to J300 Not Used 
J301, 5302 51800 255223-2 Connector: coax, chassis mtg. 
J303 to J400 Not Used 
J401, J402 51800 255223-2 Connector: coax, chassis mtg. 


221673 460355-10 


8973730-1 


Relay: 24 v D.C., SPDT 
Coil: 10 turns of 0.0320 dia. wire 


L2 to L100 Not Used 

L101 202910 8825473-505 Coil: choke, 10 microhenry 
L102 203437 8825473-514 |Coil: choke, 60 microhenry 
L103 218480 8835360-2 Coil: choke, 1 mh 

L104 204681 8825473-508 Coil: choke, 25 microhenry 
L105 214924 8825473-512 Coil: choke, 45 microhenry 


L106 to L200 Not Used 


L201 202910 8825473-505 | Coil: choke, 10 microhenry 
L202 203437 8825473-514 Coil: choke, 60 microhenry 
L203 218480 8835360-2 Coil: choke, 1 mh 

L204 204681 8825473-508 |Coil: choke, 25 microhenry 
L205 214924 8825473-512 |Coil: choke, 45 microhenry 
L206 to L300 Not Used 

L301 202910 8825473-505 Coil: choke, 10 microhenry 
L302 203437 8825473-514 Coil: choke, 60 microhenry 
L303 218480 88'35360-2 Coil: choke, 1 mh 

L304 204681 8825473-508 Coil: choke, 25 microhenry 
L305 214924 8825473-512 Coil: -choke, 45 microhenry 


L306 to L400 Not Used 


L401 202910 8825473-505 { Coil: choke, 10 microhenry 
L402 203437 8825473-514 | Coil: choke, 60 microhenry 
L403 218480 8835360-2 Coil: choke, 1 mh 

L404 204681 8825473-508 | Coil: choke, 25 microhenry 
L405 214924 8825473-512 Coil: choke, 45 microhenry 


Connector: coax, cable mtg. 


Pl 


215661 252868-1 Connector only 

54246 893648-2 Adapter: solder type 
P2 51595 727969-2 Connector: male, 6 contact, cable mtg. 
P3 55808 727969-8 Connector: female, 8 contact, cable mtg. 
P4 4577 67089-3 Connector: blower leads 
PS to P1L00 Not Used 
P101 Connector: coax, cable mtg. 


215661 252868-1 Connector only 
8979037-1 Adapter only 
8979036-3 Sleeve only 


See Cable Assembly under Miscellaneous 
Not Used ' 

Connector: coax, cable mtg. 

Connector only 

Adapter only 

Sleeve onl 


P102 
P103 to P200 
P201 


215661 252868-1 
8979037-1 


8970036-3 


VRA-10 


P202 
P203 to P300 
P301 


See Cable Assembly under Miscellaneous 
Not Used 
Connector: coax, cable mtg. 


215661 252868-1 Connector only 
8979037-1 Adapter only 
8979036 -3 Sleeve only 


P302 
P303 to P400 
P401 


See Cable Assembly under Miscellaneous 
Not Used 
Connector: coax, cable mtg. 
Connector only 
Adapter only 
Sleeve 
See Cable Assembly under Miscellaneous 


215661 252868-1 
8979037-1 


8979036-3 


RESTS@ORS: 
Pixed, Composition - unless otherwise specified 
470,000 ohm #10%, % w 

Part of XDS1 


82283-94 


R3 to R1LOO Not Used 

R101 8971860-2 variable, comp., 100 ohm +10%, 2 w 
R102 8 2283-90 220,000 ohm +10%, % w 

R103 82283-139 150 ohm +5%, % w 

R104 82283-157 820 ohm +5%, 4% w 

R105, R106 99126-79 27,000 ohm +10%, 2 w 

R107 82283-54 220 ohm 410%, 4% w 

R108 82283-86 100,000 ohm +10%, % w 

R109 82283-1411 180 ohm +5%, %w 

R110 99126-165 1800 ohm £5%, 2 w 

Rlll 99126-66 2200 ohm +10%, 2 w 

R112 90496-80 33,000 ohm +10%, 1 w 

R113 82283-78 22,000 ohm +10%, % w 

R114 140294-39 wire wound, 500 ohm +5%, 20 w 
R115 82283-86 100,000 ohm +10%, 4% w 

R116 82283-54 220 ohm +10%, % w 

R117 82283-139 150 ohm +5%, % w 

R118, R119 8817659-9 wire wound, 1200 ohm +5%, 5 w 
R120 90496-76 15,000 ohm +10%, 1 w 

R121 82283-76 15,000 ohm +10%, 4% w 

R122 82283-54 220 ohm +10%, % w 

R123 82283-86 100,000 ohm +10%, % w 

R124 218481 990736-159 Film, 40.2 ohm 41%, 2 w 

R125 99126-127 47 ohm +5%, 2 w 

R126 90496-38 10 ohm +10%, 1 w 

R127 90496-62 1000 ohm +10%, 1 w 

R128 991 26-66 2200 ohm +10%, 2 w 

R129 82283-86 100,000 ohm +10%, % w 

R130 82283-62 1000 ohm +10%, % w 

R131 82283-145 270 ohm +5%, % w 

R132 to R200 Not Used 

R201 8971860-2 variable, comp, 100 ohm +10%, 2 w 
R202 82283-90 220,000 ohm +10%, % w 

R203 82283-139 150 ohm +5%, %w 

R204 82283-157 820 ohm +5%, % w 

R205, R206 99126-79 27,000 ohm +10%, 2 w 

R207 82283-54 220 ohm +10%, %& w 

R208 82283-86 100,000 ohm +10%, % w 

R209 82283-141 180 ohm +5%, % w 

R210 99126-165 1800 ohm £5%, 2 w 

R211 991 26-66 2200 ohm +10%, 2 w 

R212 90496-80 33,000 ohm +10%, 1 w 

R213 82283-78 22,000 ohm #10%, % w 

A214 140294- 39 wire wound, 500 ohm +5%, 20 w 
R215 82283-86 100,000 ohm +10%, % w 

R216 82283-54 220 ohm +10%, % w 


R217 82283-139 150 ohm +5%, % w 
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R218, R219 8817659-9 wire wound, 1200 ohm +5%, 5 w 
R220 90496-76 15,000 ohm +10%, 1 w 

R221 82283-76 15,000 ohm +10%, 4% w 

R222 82283-54 220 ohm +10%, % w 

R223 82283-86 100,000 ohm +10%, % w 

R224 218481 990736-159 Film, 40.2 ohm 41%, 2 w 

R225 99126-127 47 ohm +5%, 2 w 

R226 90496-38 10 ohm 410%, 1 w 

R227 90496-62 1000 ohm +10%, 1 w 

R228 99126-66 2200 ohm +10%, 2 w 

R229 82283-86 100,000 ohm 410%, %w 

R230 82283-62 1000 ohm +10%, lw 

R231 82283-145 270 ohm, +5%, 4% w 

R232 to R300 Not Used 

R301 8971860-2 variable, comp., 100 ohm +10%, 2 w 
R302 8 2283-90 220,000 ohm +10%, % w 

R303 82283-139 150 ohm +5%, 4% w 

R304 8 2283-157 820 ohm +5%, 4w 

R305, R306 99126-79 27,000 ohm +10%, 2 w 

R307 82283-54 220 ohm +10%, % w 

R308 82283-86 100,000 ohm +10%, % w 

R309 82283-141 180 ohm +5%, % w 

R310 99126-165 1800 ohm +5%, 2 w 

R311 99126-66 2200 ohm +10%, 2 w 

R312 90496-80 33,000 ohm +10%, 1 w 

R313 82283-78 22,000 ohm +10%, % w 

R314 140294-39 wire wound, 500 ohm +5%, 20 w 
R315 8 2283-86 100,000 ohm +10%, % w 

R316 82283-54 220 ohm +10%, % w 

R317 8 2283-139 150 ohm +5%, %w 

R318,R319 8817659-9 wire wound, 1200 ohm +5%, 5 w 
R320 90496-76 15,000 ohm +10%, 1 w 

R321 8 2283-76 15,000 ohm +10%, % w 

R322 82283-54 220 ohm +10%, % w _ 

R323 82283-86 100,000 ohm +10%, % w 

R324 218481 990736-159 film, 40.2 ohm +1%, 2 w 

R325 99126-127 47 ohm +5%, 2 w 

R326 90496-38 10 ohm +10%, lw 

R327 90496-62 1000 ohm +10%, lw 

R328 99126-66 2200 ohm +10%, 2 w 

R329 82283-86 100,000 ohm +10%, % w 

R330 82283-62 1000 ohm +10%, 1 w 

R331 82283-145 270 ohm +5%, 4% w 

R332 to R400 Not Used 

R401 8971860-2 variable, comp., 100 ohm +10%, 2 w 
R402 82283-90 220,000 ohm +10%, % w 

R403 82283-139 150 ohm £5%, *%w 

R404 82283-157 820 ohm +5%, % w 

R405, R406 99126-79 27,000 ohm +10%, 2 w 

R407 82283-54 220 ohm +10%, % w 

R408 82283-86 100,000 ohm +10%, % w 

R409 8228 3-141 180 ohm +5%, % w 

R410 99126-165 1800 ohm +5%, 2 w 

R411 99126-66 2200 ohm +10%, 2 w 

R412 90496-80 33,000 ohm +10%, 1 w 

R413 82283-78 22,000 ohm +10%, % w 

R414 140294-39 wire wound, 500 ohm +5%, 20 w 
R415 8 2283-86 100,000 ohm +10%, % w 

R416 82283-54 - 220 ohm +10%, 4% w 

R417 8 2283-139 150 ohm +5%, % Ww 

R418, R419 8817659-9 wire wound, 1200 ohm +5%, 5 w 
R420 90496-76 15,000 ohm +10%, 1 w 

R421 82283-76 15,000 ohm +10%, % w 

R422 82283-54 220 ohm +10%, 4% w 

R423 82283-86 100,000 ohm +10%, % w 
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218481 990736-159 film, 40.2 ohm +1%, 2 w 
99126-127 47 ohm +5%, 2 w 
90496- 38 10 ohm +10%, 1 w 
90496-62 1000 ohm +10%, 1 w 
99126-66 2200 ohm +10%, 2 w 
82283-86 100,000 ohm +10%, 4% w 
82283-62 1000 ohm +10%, 1 w 
82283-145 270 ohm, #5%, % w 


48791 187454-1 Switch: toggle, SPST 
Not Used 
Switch: toggle, SPST 
Not Used 
Switch: toggle, SPST 
Not Used 
Switch: toggle, SPST 


Transformer: filament 


to S200 


48791 187454-1 


to S300 


48791 187454-1 


to S400 


48791 
218478 


187454-1 
8437856-1 


TP101, TP102 208983 88 25493-7 Jack: tip, yellow 
TP103 to TP200 Not Used 

TP201, TP202 208983 8825493-7 Jack: tip, yellow 
TP203 to TP300 Not Used 

TP301, TP302 208983 8825493-7 Jack: tip, yellow 
TP303 to TP400 Not Used 

TP401, TP402 208983 8825493-7 Jack: tip, yellow 
v101, V201, V301 

v401 209149 Tube: type 6485 


¥104, V204, V304 


210752 Tube: type 6550 


208080 990788-507 Lens: indicator light 

208458 990789-5 Socket: lamp 

48894 99088-2 Socket: fuse 

68590 99100-4 Socket: relay 

94925 737867-14 Socket: tube, 7 pin 
XV102, XV103 94926 737870-14 Socket: tube, 9 pin 


99100-4 Socket: tube, 8 pin 
Not Used 

Socket: tube, 7 pin 
Socket: tube, 9 pin 
Socket: tube, 8 pin 
Not Used 

Socket: tube, 7 pin 
Socket: tube, 9 pin 
Socket: tube, 8 pin 
Not Used 

Socket: tube, 7 pin 
Socket: tube, 9 pin 
Socket: tube, 8 pin 


XV104 
XV105 to XV200 
XV201 

XV202, XV203 
XV204 

XV205 to XV300 
XV301 

XV302, XV303 
XV304 

XV305 to XV400 
XV401 

XV402, XV403 
XV404 


68590 


737867-14 
737870-14 
99100-4 


94925 
94926 
68590 


94925 
949 26 
68 590 


737867-14 
737870-14 
99100-4 


737867-14 
737870-14 
99100-4 


94925 
94926 
68590 


Miscellaneous: 


30075 7378 20-507 Knob: control 

212940 8905470-1 Plate: dial, numbered 0-10 
211776 8905465-6 Pointer: dial 

219282 486041-7 Terminal: standoff 


Cable Assembly complete, unstenciled, (low capacity) 
Includes 2 coax connectors for use in any one of 
the following applications: 

104J101°- 2033102 
1043202 - 2033202 
1043302 - 2033302 
1043402 - 2033402 


223112 8980161-501 


TYPICAL TUBE SOCKET VOLTAGES* 


Pin Number 


Symbol Tube Type 


6.3 ac 
6.3 ac 
6.3 ac 
6.3 ac 


* All voltages de unless otherwise noted. 
AC line voltage 117 volts ac. 
Voltage measurements taken with VTVM; machine in SETUP mode. 
Above measurements taken on channel 1; however, channels 2, 3, and 4 are the same as channel 1. 
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Figure VRA-6. Video Record Amplifier Schematic Diagram 
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Figure VRA-7. DC Power Distribution Diagram 
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ELECTRONIC RECORDING PRODUCTS 


4 Channel Equalizer 


RADIO CORPORATION OF AMERICA 
INDUSTRIAL ELECTRONIC PRODUCTS, CAMDEN, N. J. 


1B-31135 


EQ-2 


Figure EQ-1. 4 Channel Equalizer 
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TECHNICAL DATA 


Power Required 


Filament Transformer: 117 volts, 50/60 cps, 50 watts 
(from circuit breaker No. 1) 


Plate: 280 volts dc, 190 ma (from power supply No. 
1, unit 409) 


Number of Amplifier Channels 


Four (one fot each video head in head wheel) 


Input to Each Channel 


FM signal from Playback Delay Amplifter (unit 106), 
0.25 v peak-to-peak (nominal) 


Output of Each Channel 


FM signal to 4 x 2 Switcher, 0.5 v peak-to-peak (nomi- 
nal) 


Input Impedance 


160 ohms (each channel, internal) 


Output Load Impedance 


160 ohms (each channel terminated at 4 x 2 Switcher) 


Frequency Response 
Variable—See Figure EQ-3E 


Pilot Lamp 
One NE-51 neon lamp 


Fuse 
1 amp 3AG SLO-BLO 


Tube Complement 
4 6CLG (one for each channel) 
4 5687 (one for each channel) 


DESCRIPTION 


The Four Channel Equalizer (see figure EQ-1) 
permits adjustment of the response of the fm play- 
back system to compensate for differences in the fre- 
quency response of the individual video heads. In 
conjunction with the overall fm equalizer, in the 2 x 1 
switcher, it also equalizes the fm information from 
the tape so that a flat video response is obtained after 
detection in the demodulator. 


Each of the four equalizer channels consists of a 
shunt peaked video amplifier (see schematic diagram 
figure EQ-4) followed by a series amplifier used for 
driving the output line. The fm input signal to each 
equalizer channel is .25 volt peak-to-peak (see figure 
EQ-2A) from the playback delay amplifier. The out- 


EQ-3 


puts of the equalizer, which feed the 4 x 2 switcher, 
are 0.5 volt peak-to-peak (see figure EQ-2D). 


Variable response is accomplished by a plate load 
potentiometer, such as R120 in channel 1, designated 
HF COMP. Figure EQ-2E, shows a composite response 
of the circuit when the pot is maximum: CW, maxi- 
mum CCW, and adjusted for a flat response. The 
crossover frequency of 5.5 mc minimizes the amplitude 
changes of the carrier, Varying the response, by ad- 
justing R120, etc. changes the relative energy of the 
lower sideband as compared to the carrier. These 
changes result in high frequency video response vari- 
ations after detection in the demodulator. Thus, the 
maximum ccw position of the potentiometer R120, 
etc., (figure EQ-2E, curve with maximum peaking at 
8 mc) gives the lowest sideband energy which results 
in minimum high frequency video response after de- 
tection. Therefore, CW rotation of the potentiometer 
gives high frequency video peaking. 

A momentary pushbutton is provided in each 
channel ($101 etc.) as a means of channel identifica- 
tion when testing. When the button is depressed, the 
output of the channel is reduced. This reduction is 
visible when monitoring the 2 x 1 switcher output on 
the CRO monitor. When the recorder is on the air, 
these buttons should not be pressed since signal re- 
duction may be below the threshold of limiting and 
may be visible in the picture. 


OPERATION 


The four high frequency compensators (HF COMP, 
CH-1 etc.) are adjusted for equal high frequency 
response between channels when playing back a tape. 
Although these controls may be adjusted exactly with 
the playback of a multiburst test pattern, they are 
generally adjusted by observing the playback picture 
on the picture monitor. 

For monochrome, the adjustments should be made 
to obtain maximum resolution of the vertical edges 
without overshoots (indicating excessive high peak- 
ing) and to eliminate bands due to unequal response 
in the four channels. For color, the adjustments 
should be made primarily to eliminate banding in 
the red area. 


MAINTENANCE 


Troubleshooting 

A Tektronix 535 oscilloscope, or the equivalent, 
should be used whenever signal amplitudes require 
measurement. Figure EQ-2 shows typical waveforms 
for comparison. Since the four channels are identical, 


EQ-4 


a comparison may also be made between channels. 
Each channel has a gain of two, but the output volt- 
age will depend on the amplitude of the input 
voltage. During troubleshooting, refer co schematic 
diagram, figure EQ-4. 

If for any reason components are changed, or it 
is desired to check the sweep response of a channel, 
the following procedure should be observed. 

(1) Remove input and output coaxial cables of 
channel to be swept. 

(2) Connect a 10 mc video sweep generator to 
the input. (The input is terminated in 160 ohms; if 
sweep requires lower impedance, an 80-ohm termina- 


tion may be obtained by placing a clip lead between 
the inputs of two channels.) Adjust input for about 
.25 volt peak-to-peak. 


(3) Terminate output with 75 ohms and connect 
a scope across the termination. 


(4) The output amplitude should be approxi- 
mately equal to the input, and should have a response 
similar to that shown in figure EQ-2E for maximum 
and minimum settings of HF control. 

If necessary, adjust peaking coil L102 etc. to obtain 
maximum response at 7.5 mc when potentiometer is 
set to maximum cew position. 


NOTES: 1. Equalizer waveforms taken with Tektronix Type 535 oscilloscope 
2. All waveforms taken from CH-1 with direct probe 


A, INPUT—TP101 


.05 v/em 


B, V101 pin 1, cathode 
-05 v/em 


C. V102 pin 6, cathode 
05 v/em 


D. OUTPUT—TP102 
0.1 v/cm 


E. Sweep Input; Position of HF 
COMP CONT; CW. CCW and fiat; 
1. me markers on base fine, 3 mc on 
left, to 10 mc on right 


Figure EQ-2. 4 Channel Equalizer, Waveforms 
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Figure EQ-3. 4 Channel Equalizer, Rear View 


EQ-6 LIST OF PARTS 
[Synfotno [stock Re [Bring Ne Deernion 


EQUALIZER (8973690-503 ) 


CAPACITORS: 
458557-5 electrolytic, 20/20 wf +50 -10%, 450 v 
735715-179 paper, 0.22 wf +10%, 400 v 
8811182-5 ceramic, 0.01 pf +100 -10%, .450 v 
C6 to C100 Not Used 
C101 735715-175 paper, 0.1 uf +10%, 400 v 
C102 727856-147 mica, 1000 put +10%, 300 v char ‘‘B” 
C103 735715-163 paper, 0.01 pf +10%, 400 v 
c104 7278 56-147 mica, 1000 puf +10%, 300 v char “B” 
C105 Not Used 
C106 735715-179 paper, 0.22 wf 410%, 400 v 
C107 727856-147 mica, 1000 pyf +10%, 300 v char ‘‘B” 
C108 to C200 Not Used 
C201 735715-175 paper, 0.1 wf +10%, 400 v 
C202 727856-147 mica, 1000 puf +10%, 300 v char ‘'B” 
C203 735715-163 paper, 0.01 pf 210%, 400 v 
C204 727856- 147 mica, 1000 puf +10%, 300 v char “B” 
C205 Not Used 
C206 735715-179 paper, 0.22 wf +10%, 400 v 
C207 727856-147 mica, 1000 pypf +10%, 300 v char ‘'B” 
C208 to C300 Not Used 
C302 735715-175 paper, 0.1 pf +10%, 400 v 
C302 727856-147 mica, 1000 wuf +10%, 300 v char ‘*B” 
C303 735715-163 paper, 0.01 pf £10%, 400 v 
C304 727856-147 mica, 1000 wef +10%, 300 v char “B” 
C305 Not Used 
C306 735715-179 paper, 0.22 wf +10%, 400 v 
C307 727856-147 mica, 1000 puf +10%, 300 v char ‘'B” 
C308 to C400 Not Used 
C401 735715-175 paper, 0.1 wf +10%, 400 v 
C402 727856-147 mica, 1000 puf +10%, 300 v char ‘‘B” 


C403 735715-163 paper, 0.01 pf +10%, 400 

727856-147 mica, 1000 puf 410%, 300 v char “B” 
Not Used 

735715-179 paper, 0.22 wf +10%, 400 


727856-147 mica, 1000 pf. +10%, 300 v char ‘‘B” 


< 


< 


101857 872291-9 Lamp: neon 

53447 990157-108 Fuse: 1 amp 

51604 727969-3 Connector: male, 6 contact, chassis mtg. 
J2 to J100 Not Used 
J101,J102 51800 255223-2 Connector: coax, chassis mtg. 
J103 to J200 Not Used 
3201, 5202 51800 255223-2 Connector: coax, chassis mtg. 
J203 to J300 / Not Used 
J301, 5302 51800 255223-2 Connector: coax, chassis mtg. 
J303 to J400 Not Used 
J401,5402 51800 255223-2 Connector: coax, chassis mtg. 
L101 210530 476933-4 Coil 
L102 to L200 Not Used 
L201 210530 476933-4 Coil 
L203 to L300 Not Used 
L301 210530 476933-4 Coil 
L302 to L400 Not Used 

210530 476933-4 Coil. 

51607 727969-4 Connector: female, 6 contact, cable mtg. 
P2 to P100 Not Used 
P101,P102 Connector: coax, cable mtg. 


215661 252868-1 Connector only 
8979037-1 Adapter only 
8979036-3 Sleeve only 
P103 to P200 Not Used 
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P201,P202 


Connector; coax, cable mtg. 


215661 252868-1 Connector only 
8979036-1 Adapter only 
8979036-3 Sleeve only 


P203 to P300 
P301,P302 


Not Used 
Connector: coax, cable mtg. 


215661 252868-1 Connector only 
8970037-1 Adapter only 
8979036-3 Sleeve only 


Not Used 
Connector: coax, cable mtg. 


P303 to P400 
P401,P402 


215661 252868-1 Connector only 
8979037-1 Adapter only 
8979036-3 Sleeve only 


RESISTORS: 
Fixed, Composition - unless otherwise specified 
82,000 ohm +10%, % w 

220,000 ohm +10%, % w 

470,000 ohm +10%, % w 

Part of XDS] 

10 ohm £5%, 1 w 

Not Used 


82283-85 
82283-90 
82283-94 


90496-111 


R6 to R104 


R105 99126-79 27,000 ohm +10%, 2 w 

R106 82283-92 330,000 ohm +10%, Bw 

R107 218119 458574-59 wire wound, 3500 ohm £5%, 10 w 
R108 . Not Used 

R109 82283-46 47 ohm +10%, %w 

R110 82283-50 100 ohm +10%, 4% w 

R111 82283-92 330,000 ohm +10%, 4% w 

R112 to R114 82283-54 220 ohm £10%, % w 

R115 to R117 82283-50 100 ohm +10%, 4w 

R118 82283-38 10 ohm +10%, %w 

R119 82283-140 160 ohm +5%, % w 

R120 433196-11 variable, 2000 ohm +10%, 2 w 
R121 82283-141 180 ohm +5%, 4% w 

R122 to R204 Not Used 

R205 99126-79 27,000 ohm +10%, 2 w 

R206 82283-92 330,000 ohm +10%, % w 

R207 218119 458574-59 wire wound, 3500 ohm +5%, 10 w 
R208 Not Used 

R209 82283-46 47 ohm +10%, % w 

R210 8 2283-50 100 ohm 410%, % w 

R211 82283-92 330,000 ohm 410%, 4w - 
R212 to R214 82283-54 220 ohm +10%, % w 

R215 to R217 8 2283-50 100 ohm +10%, % w 

R218 82283-38 10 ohm +10%, % w 

R219 82283-140 160 ohm +5%, % w 

R220 433196-11 variable, 2000 ohm +10%, 2 w 
R221 82283-141 180 ohm +5%, %w 

R222 to R304 Not Used 

R305 99126-79 27,000 ohm +10%, 2 w 

R306 82283-92 330,000 ohm 410%, 4% w 

R307 218119 458574-59 wire wound, 3500 ohm +5%, 10 w 
R308 Not Used 

R309 82283-46 47 ohm +10%, % w 

R310 82283-50 100 ohm +10%, % w 

R311 82283-92 330,000 ohm +10%, %w 

R312 to R314 82283-54 220 ohm 410%, 4 w 

R315 to R317 82283- 50 100 ohm 410%, % w 

R318 82283-38 10 ohm +10%, % w 

R319 82283-140 160 ohm +5%, % w 

R320 433196-11 variable, 2000 ohm 410%, 2 w 
R321 82283-141 180 ohm +5%, % w 


R322 Not Used 
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R405 99126-79 27,000 ohm +10%, 2 

R406 82283-92 330,000 ohm +10%, %w 

R407 458574- 59 wire wound, 3500 ohm +5%, 10 w 
R408 Not Used 

R409 8 2283-46 47 ohm +10%, % w 

R410 8 2283-50 100 ohm +10%, %w 

R411 8 2283-92 330,000 ohm +10%, % w 

R412 to R414 82283-54 220 ohm +10%, %w 

R415 to R417 82283-50 100 ohm 410%, %w 

R418 82283-111 10 ohm +5%, %w 

R419 8 2283-140 160 ohm +5%, 4% w 

R420 95754 433196-11 variable, 2000 ohm +10%, 2 w 
R421 82283-1411 180 ohm £5%, 4% w 

$101 59509 8861341-1 Switch: push, N.O. 


$102 to $200 
$201 
$202 to S300 


Not Used 
Switch: push, N.Q. 
Not Used 


59509 8861341-1 


$301 59509 8861341-1 Switch: push, N.O. 
$302 to S400 Not Used 
$401 59509 8861341-1 Switch: push, N.O. 


TP101, TP102 8825493-7 
TP103 to TP200 
TP201, TP202 
TP203 to TP300 
TP302, TP302 
TP303 to TP400 


208983 Jack: tip 
Not Used 
Jack: tip 
Not Used 
Jack: tip 
Not Used 


208983 8825493-7 


208983 8825493-7 


TP401, TP402 208983 8825493-7 Jack: tip 

Tl 94713 443975-3 Transformer: filament 
XADS1 208080 990788-507 Jewel 

XDS1 208458 990789-5 Socket: indicator light 
XFl 48894 99088-2 Fuse: holder 


737870-14 Socket: tube, 9 pin 
Not Used 
Socket: tube, 9 pin 
Not Used 
Socket: tube, 9 pin 
Not Used 
Socket: tube, 9 pin 


XV101, XV102 94926 
XV103 to XV200 
XV201, XV202 
XV203 to XV300 
XV301, XV302 
XV303 to XV400 
XV401, XV402 


94926 737870-14 


94926 737870-14 


94926 737870-14 


Miscellaneous: 


99244 8849946-1 Knob: red 
212940 8905470-1 Plate: dial 
211776 8905465-6 Pointer: adjustable 
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Pin Number 
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Figure EQ-4. 4 Channel Equalizer, Schematic Diagram 
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Figure PDA-1. Playback Delay Amplifier 


TECHNICAL DATA 


Power Required 


Filament Transformer: 117 volts, 50/60 cps 
(from circuit breaker No. 1) 


Plate: 280 volts dc, 170 ma 
(from power supply No. 1, unit 409) 


Input Voltage to Each Channel 


0.25 volt peak-to-peak 
(f-m signal output of playback amplifier) 


Number of Amplifier Channels 


Four 


Output of Each Channel 


Delayed f-m signal to Equalizer Chassis, 0.25 vole 
peak-to-peak 


DESCRIPTION 


The Playback Delay Amplifier (see figure PDA-1) 
is used in the playback mode of operation to correct 
for two possible sources of errors; a playback head- 
wheel containing heads not in exact quadrature rela- 
tionship, and improperly made tapes where the 
effective spacing between heads was not within quad- 
rature specifications. 


Quadrature errors appear in a television tape pic- 
ture as horizontally displayed bands of segments 16 
or 17 lines high. These displacements are extremely 


Number of Test Points 


Eight (one input and one output for each channel) 


Line Terminations 
Input: 160 ohms (internal) 
Output: 160 ohms (on equalizer chassis) 


Adjustable Delay in Each Channel 


20 steps, 0.015 microsecond per step 


Tube Complement 
8 6922 tubes 


Pilot Lamp 
One NE-51, neon lamp 


Fuse (in filament transformer primary) 
\4 amp, Slo-Blo 


noticeable in sharp vertical lines in the picture. Refer 
to the instructions of the Record Delay Amplifier for 
a discussion concerning quadrature errors and methods 
of correction. In both the record delay amplifier and 
playback delay amplifier, tapped delay lines are 
utilized to correct quadrature errors. 


The input of each channel is fed from the playback 
amplifier, through 160 ohm impedance cables, to the 
playback delay amplifier where each line is internally 
terminated with a total of 160 ohms of which the 
input gain control is a part. 
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Circuit 

Refer to the schematic diagram, figure PDA-5. 
Four identical channels are contained in the playback 
delay amplifier. A cathode follower drives a 20 sec- 
tion (0.15 sec. per section) delay line, and the arm 
of each delay line switch feeds the grid of a line 
driver amplifier. 


OPERATION 


There are two adjustments for each channel, GAIN 
and DELAY. Adjustment of the four input gain 
potentiometers is made while observing the 2 X 1 
OUT on the CRO waveform monitor. Adjust each 
channel amplitude to the 100 IRE units (140 IRE 
units being equal to 1 volt). 

Adjustment of the four DELAY knobs corrects for 
two conditions: quadrature error in the headwheel 
and quadrature errors recorded on the tape. To correct 
for the first condition (quadrature errors in the head- 
wheel) play back the standard alignment tape and 
adjust the DELAY knob on the playback delay ampli- 
fier to eliminate horizontal displacements in the 
vertical line as observed on the waveform monitor. 
Once the proper setting has been found, it is possible 
to “jump tracks” by adjusting the Control Track 
Phase and still maintain proper quadrature. Record 
the dial settings of the DELAY control knobs; these 
are the points where a properly recorded tape will 
play back with no quadrature errors apparent in the 
picture. Remove the alignment tape from the machine. 


The delay adjustments may be utilized to correct 
quadrature errors recorded on a tape. Play back the 
tape and adjust the delay switches on the playback 
amplifier to eliminate the quadrature displacements. 
Once the tape has been removed from the machine, 
it is necessary to return the DELAY controls to the 


normal positions as determined by the previous 
adjustments utilizing the standard alignment tape. 


MAINTENANCE 


Routine maintenance should include a_ periodic 
check of tubes, and the selector switches should be 
rotated through their ranges each time the unit is 
set up for a given panel, This will clean the contact 
material which helps to assure trouble free operation. 


Troubleshooting 

Since four identical channels are contained in this 
unit, troubles may be easily located by simply com- 
paring channels. A voltage charge in figure PDA-5 
should be used as a reference when checking voltages. 

Figure PDA-3 shows waveforms which were taken 
when the machine was in normal operation. Reference 
should be made to these waveforms when checking 
out a channel, 

The waveform monitor located in rack 3 may be 
used for fast troubleshooting when channels are to 
be compared; however, for more accurate measure- 
ments, an oscilloscope such as a Tektronix Type 524 
or 535A is required, 

Low frequency smear on one channel is generally 
caused by a defective component in the delay line 
assembly. To check the performance of a channel, 
feed a sweep signal into the input and observe the 
response at vatious points along the channel. Some 
specific points of test can be compared with the wave- 
forms in figure PDA-3. Excessive ripple is an indica- 
tion of delay line malfunctioning caused by a defective 
component. 

Figure PDA-2 shows the sweep performance for 
any one channel of the playback delay amplifier. All 
four channels should be the same. 


NOTES: 1. Waveforms taken with Tektronix Type 535A oscilloscope with low 


capacity probe (11.5 yyf). 
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Figure PDA-2. Playback Delay Amplifier, Input and Output Sweep Response 
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NOTES: 1. Waveforms taken with Tektronix Type 535A oscilloscope with low 
capacity probe (11.5 upf). 
2. All waveforms have the same time base, 1 millisecond/cm. 
3. Waveforms taken of channel 1; also typical for other three channels. 


A. INPUT J4 (.2v/div.) 


B. TP4 (.2v/div.) C. VI pin 3, Cathode (.05v/div.) 


D. V5 pin 7 (.05v/div.) E. Output-TP8 (.05v/div.) 
Delay Line Output Channel | 


Figure PDA-3. Playback Delay Amplifier, Waveforms and Voltage Levels 
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Figure PDA-4, Playback Delay Amplifier, Component {Identification 
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LIST OF PARTS 


PLAYBACK DELAY AMPLIFIER (8974489-502 ) 


Cl to C7 
C8 to C27 
C28 

C29 

C30 

C31 

C32 

C33 

C34 

C35, C36 
C37 

C38 

C39 

C40 

C41 

C42 

C43 

C44 

C45 

C46 

DL1 to DL4 
DL5 to DL8 


R3 
R8 


R10 to R13 
R14 

R15 to R18 
R19 

R20 to R48 
R49 

R50 

R51 

R52, R53 
R54 

R55 

R56, R57 
R58 

R59 

R60, R61 
R62 

R63 

R64 

R65 

R66 

R67 

R68 to R71 


219886 
218245 


101857 
212327 
51800 
51604 


215661 


51607 


211616 


211616 


211616 


211616 


211616 


211616 


211616 


211616 


735715-175 


727851-127 
735715-175 
727851-127 
735715-175 
727851-127 
735715-175 
727851-127 
735715-175 
8811182-5 

735715-175 
727853-229 
727853-228 
127853-229 
727853- 228 
727853-229 
727853-228 
7278 53-229 
727853-228 


8979723-502 
727853-335 


872291-9 
990157-106 
255223-2 
727969-3 
252868-1 
8979037-1 


8979036-3 
727969-4 


458572-76 
458572-76 
458572-76 
458572-76 
82283-46 


458572-76 
82283-46 


45857 2-76 
8 2283-46 


458572-76 
82283-46 


458572-76 
82283-46 
82283-111 


82283-94 
8971860-4 


CAPACITORS: 
paper, O.l yu 
Not Used 
mica, 150 pyf +10%, 500 v 
paper, 0.1 wf £10%, 400 v 
mica, 150 wuf +10%, 500 v 
paper, 0.1 wf +10%, 400 v 
v 
Vv 
v 


+10%, 400 
char "B” 
char ‘*B” 
mica, 150 pwyf +10%, 500 char “B” 
paper, 0.1 wf 410%, 400 
mica, 150 wuf £10%, 500 
paper, 0.1 wf +10%, 400 v 
ceramic, 0.01 wf +100 -20%, 450 v 
paper, 0.1 wf +10%, 400 v 
mica, 180 pyf +5%, 500 
mica, 160 pyuf £5%, 500 
mica, 180 wut +5%, 500 
mica, 160 pwuf +5%, 500 
mica, 180 puf £5%, 500 
mica, 160 wef £5%, 500 
mica, 180 puf +5%, 500 
mica, 160 puf +5%, 500 
Not Used 
Line: delay 
Capacitor: 
to DL8) 
Lamp: neon 
Fuse: % amp 
Connector: 


char ‘*B” 


char “D” 
char “D” 
char “D” 
char “D"” 
char ‘*D” 
char ‘*D” 
char ‘*D” 
char ‘*D” 


44 <4 4 <4 < 4 <4 


mica, 330 puf +2%, 500 v (Pt. of DLS 


coax, chassis mtg, 
Connector: male, 6 contact, chassis mtg. 
Connector: coax, cable mtg. 
Connector only 
Adapter only 
Sleeve only 
Connector: female, 6 contact, 


cable mtg, 


RESISTORS: 

Fixed, composition - unless otherwise specified 
Not Used 
wire w and, 
Not Used 
wire wound, 9000 ohm +5%, 5 
Not Used 

wire wound, 9000 ohm +5%, 
Not Used 

wire wound, 9000 ohm +5%, 
Not Used 

47 ohm +10%, % w 

Not Used 

wire wound, 9000 

47 ohm 410%, 4% w 

Not Used 

wire wound, 9000 

47 ohm +10%, % w 

Not Used 

wire wound, 9000 

47 ohm +10%, % w 

Not Used 

wire wound, 9000 

47 ohm +10%, % w 

10 ohm 5%, 4% w 

Part of XDS1 

470,000 ohm +10%, 4% w 
variable, 250 ohm +10%, 2 


9000 ohm +5%, 5 w 
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219960 990730-166 film, 47.5 ohm +1%, » 
219961 990730-167 film, 48.7 ohm +1%, 
219960 990730-166 film, 47.5 ohm +1%, 
219961 990730-167 film, 48.7 ohm +£1%, 7 
219960 990730-166 film, 47.5 ohm +1%, 
219961 990730-167 film, 48.7 ohm +1%, 
219960 990730-166 film, 47.5 ohm 41%, } 
219961 990730-167 film, 48.7 ohm 41%, 
Not Used 
8 2283-134 91 ohm +5%, % w 
82283-150 430 ohm £5%, %w 
82283-54 220 ohm +10%, % w 
949069-1 Transformer 
88 25493-7 Jack: tip yellow 
Tube: type #6922 
990788-507 Jewel 
990789-5 Socket: lamp 
99088-2 Holder: fuse 
XV1 to XV8 737870-14 Socket: tube, 9 pin 


ze2e 28 2 = 


Miscellaneous: 
8849946-1 Knob: red 


NOTES 


be Type 


VOLTAGE CHART, PLAYBACK DELAY AMPLIFIER 


NOTES: 1. Voltage measurements taken with a Voltohmyst. 
2. Machine in STOP mode. 
3. AC line voltage 117 volts, 60 cycles. 
4, All voltages de except where noted. 
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Figure PDA-5. Schematic Diagram, Playback Delay Amplifier 


ELECTRONIC RECORDING PRODUCTS 


Record Delay Amplifier 


UNIT 108 


RADIO CORPORATION OF AMERICA 
INDUSTRIAL ELECTRONIC PRODUCTS, CAMDEN, N. J. 


uf 1B-31137 
WA 671 


RDA-2 


Figure RDA-1. Record Delay Amplifier 


TECHNICAL DATA 


Power Required 


AC Power: 117 volts, 50/60 cps 
(from circuit breaker No. 1) 


DC Power: 280 volts dc, 180 ma 
(from power supply, No, 1, unit 409) 


Input Voltage 


1.0 volt peak-to-peak 
(single f-m output of modulator, unit 102) 


Number of Amplifier Channels 


Four 


Output of Each Channel 


Delayed f-m signal to Record Amplifier, 0.2 volt 
nominal peak-to-peak (when terminated with 75 ohms) 


Number of Test Points 
5 (one at input; one for each output) 


DESCRIPTION 


The Record Delay Amplifier (see figure RDA-1) 
aids in the production of recordings which will have 
proper quadrature relationship between tracks, To 
make proper recordings, the effective spacing between 
heads in the headwheel must theoretically be exactly 
90 degrees. 

The effective spacing between the heads may be 
adjusted either mechanically or electrically. Both 
methods are utilized with the TRT-1 recorders: in the 


Line Terminations 


Input; External 75 ohms 
Output: 75 ohms at Record Amplifier 


Adjustable Delay in Each Channel 


20 steps, 0.015 microsecond per step 


Tube Complement 
9 6922 tubes 


Frequency Response 


1 mc to 10 me 


Pilot Lamp 
One NE-51, neon lamp 


Fuse (in filament transformer primary) 
l%4 amp, Slo-Blo, 3AG 


factory the heads are spaced to within a few seconds 
of the correct 90 degree position, and then in the 
tape machine, final trimming is done electrically with 
the Record Amplifier, This operation is illustrated 
in figure RDA-2. Note that head no. 2 is out of 
position by x seconds angle. A recording made with 
this “wheel” (illustrated drawing) and played back 
with a perfect wheel, will produce pictures with hori- 
zontal displacement as illustrated in figure RDA-3. 
Since head no. 2 is displaced in a direction of counter 
rotation from the proper position, the information 
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HEAD 2 SHOULD 
BE LOCATED HERE 


ACTUAL 
POSITION 
OF HEAD 


Figure RDA-2. Illustration of Video Head 
Placement Showing Head No. 2 Out of 
Quadrature 


recorded will be late in time. Therefore if the signal 
feeding the late head is advanced in time by an 
amount equal to the mechanical displacement, the 
information recorded on tape will be recorded in 
the proper position. This advancing or delaying of the 
signals to the heads, is then the function of the record 
delay amplifier. 


In the TRT-1B machine, the fm signal is fed from 
the demodulator (unit 201) to the record delay ampli- 
fier where the coaxial cable is terminated with an 
external 75-ohm resistor. The signal from the demod- 
ulator originates at the modulator, or the demodulator 
in another machine as is the case for r-f copy opera- 
tion. The source switching occurs in the demodulator 
of the recording machine. 


The four outputs of the record delay amplifier are 
fed to the record amplifier through 75 ohm coaxial 
cables. Internal 75 ohm terminations are contained 
in the record amplifier. 


The main components in the record delay amplifier 
are the four 20 section delay lines with each section 
connected to a tap switch, The delay for each section 
is .015 microsecond which corresponds to about 6 
seconds of arc on the headwheel, The dial calibration 
on each of the four delay lines is arranged so that 


Figure RDA-3. Illustration of Vertical Line on 
TV Raster Showing Horizontal Displacement of 
Head No. 2 


“0” is in the center. This permits the advance or 
delay of a signal in a given channel. 


Circuit 

Refer to schematic diagram figure RDA-7. Four 
identical channels are contained in the record delay 
amplifier. The output of each channel drives one of 
four inputs in the record amplifier (unit 104). A 
single cathode follower provides an adjustable drive 
signal to four cathode followers which contain the 
tapped delay lines in their cathode circuits, The arm 
of each switch, about which the delay line is built, 
feeds an output amplifier which is terminated with 
a 75-ohm load in the record amplifier. 


OPERATION 


A standard alignment tape is required to properly 
set up the positions of the four switches in the unit. 
Play back the alignment tape and adjust the switches 
in the playback delay amplifier to eliminate quad- 
rature errors. Note the positions of the switches on 
the playback amplifier and set the respective delay 
switches in the record delay amplifier to the same 
number but opposite polarity. See the table on Typical 
Delay Settings. 


TYPICAL DELAY BICUCuUCE 


PLAYBACK DELAY 


-1 
+1 


RECORD DELAY 


Remove the standard alignment tape from the 
machine and install a tape on which a recording 
may be made. 


Record a test pattern; rewind, and play back the 
recording. The vertical lines in the picture should 
contain a minimum of quadrature errors when played 
back on any track as adjusted by the CONTROL 
TRACK PHASE knob on the control panel. Large 
displacements indicate that the corrections should 
be rechecked. 


MAINTENANCE 


Routine maintenance should include a_ periodic 
check of tubes. In addition, the selector switches 
should be rotated through their ranges each time the 
unit is set up for a given headwheel panel. This will 
clean the contact material and help to assure trouble- 
free operation. 


Troubleshooting 
Since four identical channels are contained in this 
unit, one channel may be compared with another if 
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below par performance is suspected. A voltage table 
in figure RDA-7, and a waveform and chart in figure 
RDA-5 should be helpful when troubleshooting. 


The CRO waveform monitor in rack 3 may be used 
for fast troubleshooting when channels are to be com- 
pared; however, for more accurate measurements, a 
scope such as a Tektronix Type 524 or 535A is 
required, 


Low frequency smear on any one channel can result 
from a defective component in the delay line assem- 
bly; if suspicious, check the performance of that 
channel, 


To check the performance of a channel, feed a 
sweep signal into the input and observe the response 
at various points along the channel (see figure 
RDA-5). Excessive ripple is an indication of delay 
line malfunction caused by a defective component. 
Refer to figure RDA-4 for the sweep performance of 
the record delay amplifier. 


NOTES: 1. Waveforms taken with Tektronix Type 535A. 
2. Low capacity probe (11.5 ypf). 


3mc 5mec 10mc 


A. INPUT TP2 (.1v/div.) 


B. OUTPUT 


(.05v/div.) 
Measured at Record Amplifier 
inputs, TP-101, 201, 301, and 401 


Figure RDA-4. Record Delay Amplifier, Input 
and Output Sweep Response 


RDA-G 


NOTES: 1. Taken with Tektronix Type 535A oscilloscope with high gain preamplifier 
(11.5 yuf probe). 
2. Scope locked to Vertical sync. 
3. This waveform appears at the points listed in the table below with the 
different voltages given. 


Figure RDA-5. Record Delay Amplifier, Waveform Voltage References 
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Figure RDA-6. Record Delay Amplifier, Component Identification 
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LIST OF PARTS 


RECORD DELAY AMPLIFIER (8974488-502 ) 


CAPACITORS: 


8811182-5 ceramic, 0.01 pf +100 -20%, 450 v 
735715-175 paper, 0.1 wf +10%, 400 v 
8811182-5 ceramic, 0.01 wf +100 -20%, 450 v 
735715-175 paper, 0.1 wf +10%, 400 v 
C11 to C31 Not Used 
C32 735715-175 paper, 0.1 wf +10%, 400 v 
C33 Not Used 
C34 735715~175 paper, 0.1 wf +10%, 400 v 
C35 Not Used 
C36 735715-175 paper, 0.1 uf +10%, 400 v 
C37 Not Used 
C38,C39 735715-175 paper, 0.1 wf +10%, 400 v 
C40 735715-163 paper, 0.01 wf +10%, 400 v 
C41 735715-175 paper, 0.1 wf +10%, 400 v 
C42 727853-229 mica, 180 wef +5%, 500 v char “D” 
727853-228 mica, 160 puf +5%, 500 v char “D” 
727853-229 mica, 180 pyf +5%, 500 v char ‘‘D” 
727853-228 mica, 160 wef +5%, 500 v char ‘*D” 
727853-229 mica, 180 wef +5%, 500 v char ‘‘D” 
727853-228 mica, 160 pyf +5%, 500 v char ‘D” 
727853-229 mica, 180 wuf +5%, 500 v char “D” 
727853-228 mica, 160 ppf +5%, 500 v char “D” 
Not Used 
727853-240 mica, 510 wef +5%, 300 v char “D” 


Jl to J6 
JT 
Pl 


P2 
P3 


R8 to Rll 
R12 

R13 to R15 
R16 

R17 to R19 
R20 

R21 to R49 
R50 

R51 

R52 

R53, R54 
R55 

R56 


219886 
215974 


101857 
212327 
51800 
51604 
215661 
54246 
210715 


215661 


51607 


211616 
211616 
211616 


211616 


211616 


211616 


8979723-502 
727853-335 


872291-9 
990157-106 
255223-2 
727969-3 


252868-1 
893648-2 
8909771-501 


252868-1 
8979037-1 


8979036-3 
727969-4 


82283-74 
8971860-4 
82283-54 
99126-74 


82283-74 
458572-76 


458572-76 
458572-76 
458572-76 
82283-46 


45857 2-76 
82283-46 


458572-76 


Not Used 
Delay Line 
Capacitor - mica, 330 pwuf +2%, 500 v, Cl to 
(Pt. of DL5 to DL8) 
Lamp: neon 
Fuse: % amp 
Connector: coax 
Connector: male, 6 contact, chassis mtg. 
Connector: coax, cable mtg. 
Connector only 
Adapter, solder type 
Connector termination 
Connector: coax, cable mtg. 
Connector only 
Adapter only 
Sleeve only 
Connector: female, 6 contact, cable mtg. 


RESISTORS: 

Fixed, Composition - unless otherwise specified 
10,000 ohm +10%, % w 
variable, 250 ohm +10%, 2 w 
220 ohm +10%, %w 

10,000 ohm +10%, 2 w 

Not Used 

10,000 ohm +10%, 4% w 

wire wound, 9000 ohm +5%, 5 w 
Not Used 

wire wound, 9000 ohm +5%, 5 w 
Not Used 

wire wound, 9000 ohm +5%, 5 w 
Not Used 

wire wound, 9000 ohm +5%, 5 w 
Not Used 

47 ohm £10%, % w 

Not Used 

wire wound, 9000 ohm +5%, 5 w 
47 ohm +10%, % w 

Not Used 

wire wound, 9000 ohm £5%, 5 w 


C20 
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R57, R58 82283-46 47 ohm +10%, % w 
211616 458572-76 wire wound, 9000 ohm +5%, 
82283-46 47 ohm 410%, % w 
Not Used 
211616 458572-76 wire wound, 9000 ohm +5%, 
82283-46 47 ohm +10%, % w 
82283-111 10 ohm +5%, % w 
Pt. of XDS1 

82283-94 470,000 ohm £+10%, % w 
R69, R70 82283- 54 220 ohm, +10%, % w 
R71 to R74 Not Used 
R75 to R78 82283-134 91 ohm +5%, % w 
R79 219960 990730-166 film, -5 ohm £1%, 
R80 219961 990730-167 film, -7 ohm 11%, 
R81 219960 990730-166 film, -5 ohm +1%, 
R82 219961 990730-167 film, -7 ohm 41%, 
R83 219960 990730- 166 film, -5 ohm +1%, 
R84 219961 990730-167 film, .7 ohm +1%, 
R85 219960 990730-166 film, -5 ohm +1%, 
R86 219961 990730-167 film, .7 ohm +1%, 
R87 to R94 82283-54 220 ohm +10%, 4% w 
Tl 57021 949069-1 Transformer 
TP1l Not Used 
TP2 to TP6 208983 8825493-7 Jack 
XADS1 208080 990788-507 Jewel 
XDS1 208458 990789-5 Socket: lamp 
XF1 48894 99088-2 Holder: fuse 
XV1 to 94926 737870-14 Socket: tube, 9 pin 


AT AL AT AT AT AT AL AT 
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Miscellaneous: 
212940 8905470-1 Dial Plate 
99244 8849946-1 Knob: red 


219675 Tube: type #6922 
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Figure RDA-7. Schematic Diagram and Voltage Chart Record Delay Amplifier 


ELECTRONIC RECORDING PRODUCTS 


Playback Amplifier 


UNIT 109 


RADIO CORPORATION OF AMERICA 
INDUSTRIAL ELECTRONIC PRODUCTS, CAMDEN, N. J. 


cee 1B-31138 


VPA-1 


JOM? 


Figure VPA-1. Playback Amplifier, Front View 


TECHNICAL DATA 


Power Required 


AC: 117 volts, 50/60 cycles, 40 watts 
(from circuit breaker No, 1) 


DC: 280 volts, 200 ma 
(from power supply No. 1, unit 409) 
Inputs 


Four fm signals (from video preamplifier, unit 203) 


Frequency Response 

Flat from 1 to 10 megacycles 

(in conjunction with video preamplifier) 
Gain 

48 +3 db per channel, fixed 

(in conjunction with video preamplifier) 


Output Load Impedance 
160 ohms 


Outputs 


Four amplified fm signals: 1 volt peak-to-peak, nominal 
(to playback delay amplifier, 
unit 106) 


Fuse 
'% ampere, slo-blo, 3AG 


Tube Complement 


8 — 6922 
4 — 6BQ7A 


DESCRIPTION 


The playback amplifier (unit 109), shown in Fig- 
ure VPA-1, is a four-channel amplifier used to pro- 
vide a 48 db gain for the video head voltages 
received from the video preamplifier (unit 203) dur- 
ing the PLAY mode of operation. The amplified 
output signals are fed to the playback delay amplifier 
(unit 106). During the RECORD mode, the unit is 
not used and -+ voltage 1s removed trom fhe 
chassis. 


Circuit 

The playback amplifier consists of four independent 
channels, each receiving an input signal from the 
first half of an individual cascode stage on the video 
preamplifier chassis during the PLAY mode. 

As shown on the schematic diagram, Figure VPA-4, 
the input signal to channel one of the playback ampli- 
fier is fed to input jack J101 and appears at the 
cathodes of the second half of the cascode stage 
(V101). The output of V101 may be observed at test 
point TP101 (V101 OUT). 

A variable inductor (L101), in the plate circuit 
of V101, allows some adjustment of the frequency 
response curve. The primary purpose of this adjust- 
ment is to obtain frequency response curves from 
each channel which are approximately flat from 1 to 
10 megacycles while remaining as nearly identical to 
each other as possible. (To adjust the inductor, see 
Maintenance.) 

Following amplification by V101, the signal is 
further amplified by three successive stages of voltage 
amplification (V102A, V102B, and V103). The out- 
put signal appears at jack J102 and is fed into a 160- 
ohm line to the playback delay amplifier. Test point 
TP102 (CHAN 1 OUT) is provided for convenience 
in observing the output of channel one. 

The operation of the three remaining channels is 
identical to that of channel one. 

In the PLAY mode of operation, the playback 
amplifier and video preamplifier provide a fixed gain 
of 48 +3 db per channel, The frequency response of 
each channel is essentially flat from 1 to 10 mega- 
cycles, with a slight rising characteristic which peaks 
in the vicinity of 7 megacycles and then gradually 
tapers off. 

In the RECORD mode, the unit is not used and 
does not receive B+ voltage. The NE-51 neon bulb 
on the chassis front panel indicates the application 
ot B+ voltage to the chassis and theretore ‘is 
extinguished during the RECORD mode. 
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MAINTENANCE 


Frequency Response and Gain 

A procedure for adjusting the frequency response 
and checking the gain of the unit is outlined below. 
A list of test equipment required consists of the 
following: 


1. Video sweep generator (0 to 10 mc sweep). 


2. Wide-band oscilloscope (Tektronix Type 535 or 
equivalent). 


3, Low-capacity oscilloscope probe. 
4, Calibrated rf attenuator. 


5. Test connector (RCA stock No. 205330; Am- 
phenol No. 26-151), 


To adjust the frequency response and check the 
gain of the unit, proceed as follows: 


1. Remove headwheel panel from the machine and 
plug test connector into the video preamplifier con- 
nector (J3). 


2, Adjust rf attenuator for 48 db attenuation and 
connect it to the sweep generator. 


3. Connect coax cable from attenuator to test con- 
nector, using short clips on the end of the cable. 
Ground cable to metal case of the preamplifier and 
clip center conductor of the cable to the test connector 
pin corresponding to the channel to be swept: 


Channel 1 pin 11 
Channel 2 pin 5 
Channel 3 pin 10 


Channel 4 pin 2 


4. Adjust sweep generator output to one volt 
peak-to-peak. 


5. Connect low-capacity oscilloscope probe to out- 
put test point (TP102, etc.) of the channel being 
swept and observe the output signal. 


6. ‘Adjust the variable inductor (L101, etc.) so that 
the frequency response of the output signal is ap- 
proximately flat from 1 to 10 mc, while remaining as 


10 5 2 
FREQUENCY IN MC 


a. Input Test Point (TPIOI, ete.) 
b. Output Test Point (TP102, etc.) 


Figure VPA-2. Typical Frequency Response 
Curves (Sweep Input) 


nearly identical to the response curves of the other 
channels as possible. At 1 mc, the output voltage 
amplitude should equal the input voltage amplitude 
(1 volt peak-to-peak) within 3 db. (Refer to Figure 
VPA-2.) 


7. Repeat the above procedure for each of the 
remaining channels, 


Trouble Shooting 

Loss of fm gain and noise in the picture may be 
symptoms of troubles in the playback amplifier. These 
troubles are usually caused by weak or defective tubes; 
therefore check all tubes as the first step in trouble 
shooting the unit. 


If poor frequency response cannot be corrected by 
replacing tubes, check the lead dress of resistors R107, 
R111 and capacitor C109. (Similarly in channels 2, 
3, and 4.) This is especially important if these com- 
ponents have been replaced. 


Voltage Readings 

The Veltage Table indicates typical tube-socket 
voltages with respect to ground, obtained with'a 
vacuum-tube voltmeter, All voltages are dc unless 
otherwise noted. 
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Figure VPA-3. Rear View of Playback Amplifier 


LIST OF PARTS 


PLAYBACK AMPLIFIER (8974417-503) 6 
CAPACITORS: 
C1A,B 99295 458557-14 electrolytic, 10/10 wf -10 +50%, 450 v 
C2 735715-133 paper, 0.47 wf +20%, 400 v 
C3 735715-251 paper, 0,001 wf +10%, 600 v 
C4 to C103 Not Used 
C104 218127 8976580-2 ceramic, 0,05 wf +80 ~20%, 500 v 
C105 727853-239 mica, 470 wwf +5%, 300 v char “D” 
C106 727853-231 mica, 220 puf +5%, 500 v char “D” 
C107 727853-239 mica, 470 wef +5%, 300 v char ‘'D” 
C108 727853-231 mica, 220 puf +5%, 500 v char “D” 
C109 727853-239 mica, 470 wuf +5%, 300 v char “D” 
C110 Not Used 
Clll 218127 8976580-2 ceramic, 0.05 wf +80 -20%, 500 v 
C112AB, C113AB 218128 8971848-10 ceramic, 0.005/0.005 uf +80 -20%, 150 ¥ 
C114 727853-239 mica, 470 wuf +5%, 300 v char ‘'D” 
C115 to €203 Not Used 
C204 218127 8976580-2 ceramic, 0,05 wf +80 -20%, 500 v 
C205 727853-239 mica, 470 wut +5%, 300 v char ‘“'D” 
C206 727853-231 mica, 220 puf +5%, 500 v char ‘*D” 
C207 727853-239 mica, 470 puf +5%, 300 v char ‘'D” 
C208 727853-231 mica, 220 puf +5%, 500 v char ‘D” 
C209 727853-239 mica, 470 pyf +5%, 300 v char ‘“D” 
C210 Not. Used 
C211 218127 8976580-2 ceramic, 0.05 pf +80 420%, 500 v 


C212AB,C213AB 218128 
C214 


8971848-10 ceramic, 0.005/0.005 pf +80 -20%, 500 v 
727853-239 mica, 470 wef +5%, 300 v char “D” 


C215 to C303 Not Used 

C304 218127 8976580-2 ceramic, 0.05 wf +80 -20%, 500 v 
C305 727853-239 mica, 470 wf +5%, 300 v char “D” 
C306 727853-231 mica, 220 wuf +5%, 500 v char “D” 


VPA-4 


C307 
C308 
C309 
C310 
C311 


C312AB, C313AB 


C314 
C315 to C403 
C404 
C405 
C406 
C407 
C408 
C409 
C410 
C411 


C412AB, C413AB 


J3 to J100 
J101,J102 
J103 to J200 
J201, 5202 
J203 to J300 
J301,J5302 
J303 to J400 
J401,J3402 
L101 

L102 

L103 

L104 

L105 

L201 

L202 

L203 

L204 

L205 

L301 

L302 

L303 

L304 

L305 to L400 


P3 to P100 
P101 


P102 


P103 to P200 
P201 


218127 
218128 


218127 


218127 
218128 


101857 
212327 
51604 
56077 


51800 
51800 
51800 


51800 
213197 
99792 
202910 
99791 


213197 
99792 
202910 
99791 


213197 
99792 
202910 
99791 


213197 
99792 
202910 
99791 
51607 
58978 


215661 
54246 


215661 


215661 
54246 


7278 53-239 
727853-231 
727853-239 


8976580-2 
8971848-10 
7278 53-239 


8976580-2 

727853-239 
727853-231 
727853-239 
727853-231 
727853-239 


8976580-2 
8971848-10 
727853-239 
872291-9 
990157- 106 
727969-3 
727969-5 


255223-2 
255223-2 
255223-2 


255223-2 
476933-3 
8825473-506 
8825473-505 
8825473-504 


476933-3 

8825473-506 
8825473-505 
8825473-504 


476933-3 

8825473- 506 
8825473-505 
882547 3-504 


476933-3 
8825473-506 
8825473-505 
8825473-504 
727969-4 
727969 -6 


252868-1 
893648- 2 


252868-1 
8979037-1 
8979036-3 


252868-1 
893648-2 


mica, 470 wwf +5%, 300 v char “D” 
mica, 220 puf +5%, 500 v char “D” 
mica, 470 wuf +5%, 300 v char “D” 


Not Used 


ceramic, 0.05 wf +80 ~20%, 500 v 
ceramic, 0.005/0.005 wf +80 ~20%, 
mica, 470 uwuf +5%, 300 v char “D” 


Not Used 


ceramic, 0.05 wf +80 -20%, 500 v 
mica, 470 uf +5%, 300 v char “D” 


mica, 220 puf +5%, 500 
mica, 470 pef +5%, 300 


char ‘*D” 
char “*D” 


v 
v 

mica, 220 wuf +5%, 500 v char ‘*D” 
Vv 


mica, 470 puf +5%, 300 


Not Used 


char ‘*D” 


ceramic, 0.05 wf +80 ~20%, 500 v 

ceramic, 0.005/0.005 wf +80 -20%, 
mica, 470 wypf +5%, 300 v char “D” 
Lamp: neon NE51 

Fuse: % amp, slo-blo 


Connector: 
Connector: 
Not Used 
Connector: 
Not Used 
Connector: 
Not Used 
Connector: 
Not Used 
Connector: 


male, 6 contact, chassis mtg. 
female, 8 contact, chassis mtg. 


coax, chassis mtg. 
coax, chassis mtg. 
coax, chassis mtg. 


coax, chassis mtg. 


Coil: variable, 5/9 microhenry 


Coil: R.F. 
Coil: R.F. 
Coil: RF. 
Not Used 


choke, 15 microhenry 
choke, 10 microhenry 
choke, 8 microhenry 


Coil: variable, 5/9 microhenry 


Coil: R.F. 
Coil: R.F. 
Coil: RF. 
Not Used 


choke, 15 microhenry 
choke, 10 microhenry 
choke, 8 microhenry 


Coil: variable, 5/9 microhenry 


Coil: R.F. 
Coil: RF. 
Coil: R.F. 
Not Used 


choke, 15 microhenry 
choke, 10 microhenry 
choke, 8 microhenry 


Coil: variable, 5/9 microhenry 


Coil: R.F. 
Coil: R.F. 
Coil: RF. 
Connector: 
Connector: 
Not Used 

Connector: 


choke, 15 microhenry 

choke, 10 microhenry 

choke, 8 microhenry 

female, 6 contact 

male, 8 contact, cable mtg. 


coax 


Connector only 


Adapter, 


Connector: 


solder type 
coax 


Connector only 
Adapter only 
Sleeve only 


Not Used 
Connector: 


coax 


Connector only 


Adapter, 


solder type 


VPA-5 


Connector: coax 
215661 252868-1 Connector only 
8979037-1 Adapter only 
8979036-3 Sleeve only 
P203 to P300 Not Used 
P301 Connector: coax 
215661 252868-1 Connector only 
54246 893648-2 Adapter, solder type 
P302 Connector: coax 
215661 252868-1 Connector only 
8979037-1 Adapter only 
8979036-3 Sleeve only 
P303 to P400 Not Used 
P401 : Connector: coax 
215661 252868-1 Connector only 
54246 893648-2 Adapter, solder type 
P402 Connector: coax 
. 215661 252868-1 Connector only 
. 8979037-1 Adpater only 
8979036-3 Sleeve only 


RESISTORS: 
Fixed, Composition - Unless otherwise specified 
99126-132 75 ohm £5%, 2 w 
8817665-7 wire wound, 250 ohm +10%, 25 w 
Pt. of XDS1 
82283-94 470,000 ohm +10%, % w 
R5 to RIOL Not Used 
R102 82283-135 100 ohm +5%, %& w 
R103 99126-161 1200 ohm +5%, 2 w 
R104 82283-207 100,000 ohm £+5%, 4’w 
R105 82283-135 100 ohm £5%, &% w 
R106 82283-207 100,000 ohm +5%, % w 
R107 82283-161 1200 ohm +5%, %w 
R108 99126-191 22,000 ohm +5%, 2 w 
R109 82283-137 120 ohm +5%, %w 
R110 82283-161 1200 ohm +5%, % w 
R111 99126-191 22,000 ohm +5%, 2 w 
R112 82283-137 120 ohm +5%, % w 
R113,R114 82283-135 100 ohm +5%, % w 
R115 82283-162 1300 ohm +5%, %w 
R116 213112 942989-149 10,000 ohm +5%, 4 w 
R117 82283-137 120 ohm £5%, 4% w 
R118 82283-183 10,000 ohm £5%, % w 
R119 to R201 Not Used 
R202 82283-135 100 ohm +5%, % w 
R203 99126-161 1200 ohm +5%, 2 w 
R204 82283-207 100,000 ohm +5%, % w 
R205 82283-135 100 ohm +5%, % w 
R206 82283-207 100,000 ohm +5%, % w 
R207 82283-161 1200 ohm +5%, 6 w 
R208 99126-191 22,000 ohm £5%, 2 w 
R209 82283-137 120 ohm +5%, *%& w 
R210 82283-161 1200 ohm +5%, % w 
R211 99126-191 22,000 ohm +5%, 2 w 
R212 82283-137 120 ohm +5%, % w 
R213, R214 82283-135 100 ohm 5%, %w 
R215 82283-162 1300 ohm +5%, % w 
R216 213112 942989-149 10,000 ohm +5%, 4 w 
R217 82283-137 120 ohm +5%, % w 
R218 82283-183 10,000 ohm +5%, % w 
R219 to R301 Not Used 
R302 82283-135 100 ohm +5%, 4 w 
R303 99126-161 1200 ohm +5%, 2 w 
R304 82283-~-207 100,000 ohm £+5%, % w 


VPA-6 


R305 

R306 

R307 

R308 

R309 

R310 

R311 

R312 
R313, R314 
R315 

R316 

R317 

R318 

R319 to R401 
R402 

R403 

R404 

R405 

R406 

R407 

R408 

R409 

R410 

R411 

R412 
R413, 0414 


TP101, TP102 
TP103 to TP200 
TP201,TP202 
TP203 to TP300 
TP301,TP302 
TP303 to TP400 
TP401, TP402 
XADS1 
XDS1 
XF1 
XV101 to XV103 
XV104 to xXV200 
XV201 to XV203 
XV204 to XV300 
XV301 to XV303 
XV304 to XV400 
XV401 to XV403 
V102,V103, V202 
V203,V302, V303 
V402, V403 


213112 


213112 
58619 
208983 
208983 
208983 
208983 
208080 
208458 
48894 
94926 
94926 
94926 
94926 


219675 


82283-135 
82283-207 
8 2283-161 
99126-191 
82283-137 
82283-161 
99126-191 
82283-137 
82283-135 
82283-162 
942989-149 
82283-137 
82283-183 


82283-135 
99126-161 

82283-207 

82283-135 
82 283-207 
82283-161 
99126-191 
82283-137 
82283-161 
99126-191 
82283-137 
82283-135 
82283-162 
942989-149 
82283-137 
82283-183 
895326-4 

8825493-7 


8825493-7 
8825493-7 
8825493-7 
990788-507 
990789-5 
99088-2 
737870-14 
737870-14 
737870-14 


737870-14 


100 ohm +5%, % w 
100,000 ohm +5%, % w 
1200 ohm +5%, %w 
22,000 ohm +5%, 2 w 
120 ohm +5%, %’w 
1200 ohm +5%, % w 
22,000 ohm 45%, 2 w 
120 ohm +5%, % w 

100 ohm +5%, % w 
1300 ohm +5%, % w 
10,000 ohm £+5%, 4 w 
120 ohm +5%, %w 
10,000 ohm +5%, % w 
Not Used 

100 ohm +5%, % w 
1200 ohm +5%, 2 w 
100,000 ohm +5%, % w 
100 ohm £5%, 4% w 
100,000 ohm £+5%, % w 
1200 ohm +5%, % w 
22,000 ohm +5%, 2 w 
120 ohm +5%, %w 
1200 ohm +5%, % w 
22,000 ohm +5%, 2 w 
120 ohm £5%, % w 

100 ohm 45%, % w 
1300 ohm +5%, 4% w 
10,000 ohm +5%, 4 w 
120 ohm +5%, % w 
10,000 ohm £+5%, %w 
Transformer: filament 
Jack: tip yellow 
Not Used 

Jack: tip yellow 
Not Used 

Jack: tip yellow 
Not Used 

Jack: tip yellow 
Jewel 

Socket: indicator light 
Holder: fuse 
Socket: tube, 9 pin 
Not Used 

Socket: tube, 9 pin 
Not Used 

Socket: tube, 9 pin 
Not Used 

Socket: tube, 9 pin 


Tube: type #6922 


Wi01, V201 


V301, V401 
V102, V202 
V302, V402 
V103, V203 
V303, V403 


VOLTAGE TABLE 


Pin Number 


200 104 105 
60 0 0.9 
85 0 1.5 


FOR FREQ. RESPONSE 
USE LOW CAPACITY PROBE 
TPION 


cna 
470 
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CHANNEL 2 
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R104 
100K 


) 
< 
m 
b 


Ri0e 
(00K Rita 
/OK 


SAME AS CHAN-1, EXCEPT COMPONENTS ARE NUMBERED /W 200 SERIES i 


CHANNEL 3B 


EXAMPLE C204,/20/ R202, V/02, ETC. ml 


CHANNEL 4 


SAME 4S CHAN-1) EXCEPT COMPONENTS ARE NUMBERED IN 300 SERIES. pot | 
SE ee 
SAME AS CHAN-1, EXCEPT COMPONENTS ARE NUMBERED (VN 400 SERIES. 


*+2890V 
sL0-BLo 
i25V_ % 


56K 
CPT. OF XDSI) 


oss 
Bt NME-S/ 
ATOR 


VPA-7 


8315702-0 


NOTE | 


ALL RESISTOR VALUES IN OHMS, /2 WATT, 5% 
AND ALL CAPACITOR VALVES IN MICRO 
FARADS UNLESS OTHERWISE SPECIFIED, 


= 12% 


Figure VPA-4, Playback Amplifier, Schematic Diagram 


205-C6 
205-C7, C8 
206-C7 
205A/H-J1, 
206A/C-J1, 
206B-J2 
205-R1 
205-R2 
205-R3 
205-R4,R5 
2TB1, 2TB2 
205-TB3, TB4 
205-TB1, TB2, 
206-TB1-TB2 


213595 
209759 
205331 
209834 


209834 
57221 


222578 
94426 


PARTS LIST 


RACK 7 (8975562-503 ) 


737818-12 
8811182-5 
737818-13 


459623-1 
458592-6 
458592-3 
458592-6 
45857 5-109 
449691-5 
99153-31 


8441358-6 
8979050-2 
897258-2 


Miscell 
Capacit 
Capacit 
Capacit 


Connect 
Resisto 
Resisto 
Resisto 
Resisto 
Board: 

Board: 


Board: 
Hose: 
Clamp: 


GnN€ous: 
or: paper, 0.068 wf +10%, 100 v 
or: ceramic, 10,000 puf -20 +100%, 450 v 


or: paper, 0.1 wf 410%, 100 v 


or: female, 15 contact, chassis mtg. 
r: fixed, wire wound, 20 ohm £10%, 5 w 
r: fixed, wire wound, 5 ohm +10%, 5 w 
r: fixed, wire wound, 20 ohm +10%, 5 w 
r: var. 5000 ohms +10%, 2 w 

terminal 

terminal 
terminal 
air headwheel blower to headwheel panel 


air hose above 


ZO\-Ji-7 
ZOl-J\-B 
—20@-TRI-3 
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Interconnection Diagram, Rack 2 


ELECTRONIC RECORDING PRODUCTS 


Demodulator 
UNIT 201 


RADIO CORPORATION OF AMERICA 


INDUSTRIAL ELECTRONIC PRODUCTS, CAMDEN, N. J. 


PRINTED IN U.S.A. 1B-31140 
DU 65! 


DEM-1 


103073 


Figure DEM-1. Demodulator, Front View 


TECHNICAL DATA 


Power Required 


AC: 117 volts, 50/60 cycles, 63 watts 
(from circuit breaker No. 2) 


DC: 280 volts, 310 ma 
(from power supply No. 2, unit 410) 


Inputs 


FM signal from 2X1 switcher, unit 309 
(in PLAY mode) 


FM signal from modulator, unit 102 
(in SETUP or RECORD mode) 


RF copy from demodulator of machine No. 2 
(when used to record rf copies from a second machine) 


Input Levels 
Demodulator: 1 volt peak-to-peak (fm) 
RF Copy: 1 +,2 volt peak-to-peak (fm) 


Input Impedances 


75 ohms at J2 (2X1 switcher input) 
High impedance bridging at J6 and J8 
(modulator and rf copy inputs) 


Limiting 


50 db minimum (below 1 volt) 


De-emphasis 
Monochrome: 4.0 db, nominal, at 4 mc 
Color; 9.54 db, nominal, at 4 mc 
Variable: Approximately 2 db to 12 db at 4 mc 


Outputs 


Video signal to distribution amplifier No, 2 
(unit 303) 
RF copy to demodulator of machine No. 2 
(when used to originate rf copies for a second machine) 


Output Levels 
Demodulator: 1 volt peak-to-peak, nominal 
(composite video) 
RF Copy: 1 volt peak-to-peak, nominal] (fm) 


Output Impedance 
75 ohms 


Fuse 
1 ampere, 250 volt, slo-blo, 3AG 


Tube and Diode Complement 


Tubes: 2 — 12AV7 
8 — 6485 
3 — 6CL6 
2 — 5687 
Diodes: 6 — 1N270 


FM OUT TO 
RECORD DELAY AMPLIFIER 
J3© 


{VP-P INPUT 


J2© 


FM IN FROM 
2X1 SWITCHER 


Via 
f2AVT 


NOTE : 


ALL RELAYS SHOWN UNENERGIZED AS IN 
NORMAL PLAYBACK MODE OF OPERATION. 


CARRIER 
AMPLIFIER 
& PHASE SPLITTER 


vi 
l2AvV7 


Se WIDTH 


ATE 
VI5 
6BNG6 


Figure DEM-2. Demodulator Block Diagram 
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DESCRIPTION 


The demodulator (unit 201) is shown in figure 
DEM-1. The basic purpose of the unit is to detect 
the video information contained in a frequency 
modulated input signal. As shown on the block dia- 
gram, figure DEM-2, the input fm signal from one 
of three different sources is selected by appropriate 
relays according to the desired tape recorder mode 
of operation. The sources of fm input signals are the 
2X1 switcher (PLAY mode), modulator (RECORD 
mode), and rf copy output from the demodulator of 
a second machine (RF COPY-RECORD). 


The rf copy circuit provides a means of producing 
copies of pre-recorded video tapes by recording on 
one machine (slave) the fm information received 
from tapes played back on another machine (master). 


Controls 
As shown in figure DEM-1, controls on the demod- 
ulator front panel consist of the following: 


Three position de-emphasis switch 
(COLOR-VAR-MONO) 

Bandwidth toggle switch (NORMAL/ROLL-OFF) 

Phase balance control (PHASE BAL) 

Carrier balance control (CARRIER BAL) 

Variable de-emphasis control (VAR DE-EMP) 

RF copy balance control (RF COPY BAL) 

RF copy output control (RF COPY OUT) 


Principle of Operation 

The demodulator performs essentially the same func- 
tions as the conventional ratio detector or limiter- 
discriminator stages in fm broadcast receivers, which 
consist of amplification, limiting, and the production 
of an output voltage which exactly follows the 
amplitude variations of the original modulating sig- 
nal. However, because exact reproduction of a video 
signal requires strict linearity in both amplitude and 
phase over a wide frequency range, the technique 
is different. 


To obtain the desired linearity the demodulator 
utilizes the principle that if a signal is passed through 
a delay line having a fixed time delay for all fre- 
quencies under consideration, the phase angle between 
the input and output of the line is directly propor- 
tional to frequency. If the delayed and undelayed 
signals are then applied to two grids of a 6BN6 
“pulse width gate” (described under Circuit), the 
output of the gate consists of a train of positive 
rectangular pulses whose duty cycle (ratio of “ON” 
time to total time of a cycle) depends in a linear 
manner on the phase angle between the two signals. 


DEM-3 


The average value or dc component of each cycle 
in the train of pulses is proportional to its duty cycle. 
Thus, over a number of cycles, the average value 
varies in a linear manner with respect to the input 
signal frequency. If the pulses are then fed through 
a low-pass filter which eliminates all frequencies 
above the video band, an output voltage will be 
obtained having an amplitude proportional to the 
input signal frequency. The output voltage will then 
be a replica of the video signal used to modulate 
the carrier. 


The actual demodulator is more complicated than 
the preceding may seem to indicate because the out- 
puts of two gate circuits, differing in phase by 180°, 
are added together. This effectively cancels the funda- 
mental frequency component of the gated pulses and 
retains the double frequency component. The un- 
desired pulses are then easily filtered from the video 
output voltage. 


The pulse width gates operate most effectively 
when the grid signals are square waves. Therefore a 
minimum of 50 db limiting of the 1 volt input signal 
is provided to guarantee a fast rise-time signal on 
these grids. The high limiting also minimizes the 
effect of tape dropouts and other forms of amplitude 
modulation. 


An fm output signal for use in making rf copies 
of tapes is also provided by the demodulator. RF 
copying differs from the video-to-video method of 
reproducing tapes in that the fm information is used 
in making copies instead of the demodulated playback 
signal. A slight improvement in frequency response 
and signal-to-noise ratio may be achieved by this 
method. However, care must be taken to insure that 
all equipment used in making rf copies (such as 
distribution amplifiers or switchers for making several 
copies simultaneously) have good phase and fre- 
quency response to 10 megacycles to prevent possible 
excessive signal degradation, 


In making rf copies, fm information from the tape 
in the master machine is processed through the nor- 
mal playback system to the demodulator, In the 
demodulator the fm information is fed to the rf 
copy circuit after appropriate limiting. The rf copy 
circuit combines the two signals derived from the 
balanced rf stages of the demodulator into a single- 
ended 75 ohm output. The output signal is then fed 
to the rf copy input of the slave machine. 


Circuit 

The frequency modulated input signal to the 
demodulator is obtained from the modulator, 2X1 
switcher, or rf copy output of the demodulator of a 
second machine, depending upon the tape recorder 


DEM-4 


RELAY OPERATION TABLE 


Recorder Mode 
of Operation 


Normal Record 


Normal Play or Stop 


RF Play (sending) 
RF Record (receiving) 


RF Setup (sending) 
(For setup between 2 machines) 


RF Only (receiving) RF COPY 


(For setup between 2 machines) 


E_ Energized, D_ De-energized. 


mode of operation. The Relay Operation Table 
shows the condition of each demodulator relay (K1, 
K2, and K3) when the specified pushbutton switch 
on the control panel (unit 305) is pressed for the 
various modes of operation. 


The input from the 2X1 switcher is selected when 
K1 is de-energized. This occurs during the normal 
PLAY mode or when the machine is used as the 
master in making rf copies of a tape. In all other 
modes of operation K1 is energized and the input is 
selected by K2. The input from the modulator is 
selected when K2 is energized, as in normal RECORD 
or SETUP modes or RF SETUP when the machine is 
used as the master in setting up two machines for 
making rf copies. The input from the rf copy output 
of a second machine is selected when K2 is de- 
energized. This occurs when the machine is used as 
the slave in making rf copies or in setting up to 
make rf copies. Relay K3 is energized when the 
machine is used as the master, thus connecting the rf 
copy output to jack JO from which it is fed to the 
slave machine. 


The input signals are fed to jacks J2, J6, and J8 
as shown on the schematic diagram, figure DEM-14, 
and may be observed at test point TP1 (figure 
DEM-3). The incoming signal from the modulator 
or the rf copy output of a second machine is looped 
from J6 to J3, from which it is fed to the record 
delay amplifier and terminated. 


Tube VIA acts as a straightforward fm amplifier, 
with the required frequency response being obtained 
by coil L1 in its plate circuit. The amplified fm signal 
is coupled to the control grid of V1B which operates 
as a phase splitter. The fm signals, with amplitudes 
of approximately 4.5 volts peak-to-peak, are taken 
off the plate and cathode of V1B and fed to push- 
pull amplifiers V2 and V3, 180° out of phase. The 


Control Panel 
Switch Pressed 


RECORD or SETUP 
PLAY or STOP 

RF COPY and PLAY 
RF COPY and RECORD 
RF COPY and SETUP 


circuitry is designed so that the amplifiers have series 
regulating action, resulting in plate current flow of 
equal magnitude in each tube. 


Diodes CR1 and CR2 in the plate circuits of carrier 
amplifiers V2 and V3 provide symmetrical limiting 
of the fm signal. The diodes are alternately conduct- 
ing and non-conducting, depending upon the bias 
voltage applied. The amount of bias on each diode 
is determined by the magnitude of the voltage drop 
across resistors R25 and R28. Coils L2 and L3, also 
in the plate circuits of V2 and V3, are utilized as 
series peaking coils. 


Two additional stages of amplification and limiting 
follow, whose operations are identical to that 
described above, These consist of push-pull ampli- 
fiers V4/V5, V6/V7 and diode limiters CR3/CR4, 
CR5/CR6. The clipped fm signal, having an ampli- 
tude of approximately 1.5 volts peak-to-peak, is 
applied to push-pull amplifiers V8/V9 and V12/V13 
in turn. Because of component tolerances, some un- 
balance may exist in the fm signal. Potentiometer 
R50 (PHASE BAL), in the cathode circuit of 
V12/V13, is provided to counteract this unbalance 
and insure symmetry (see Maintenance). 


Amplifiers V12 and V13 raise the fm signal level 
to 23 volts peak-to-peak. From the plate circuit of 
V13 the signal is fed directly to the control grid 
(pin 7) of phase splitter V14B, while the signal 
appearing in the plate circuit of V12 passes through 
delay line DL1 before being fed to the control grid 
(pin 2) of phase splitter V14A. Delay line DL1 
shifts the signal phase 180° at 4.0 mc, thus enabling 
the signals which appear at the control grids of V14 
to be in phase at that frequency. 


Each section of V14 splits the signal into two polari- 
ties before it is fed to a pair of matched 6BNG tubes 
(V15, V16) comprising the pulse width gate. Looking 


Figure DEM-3. Input Signal at TP! 
(Machine in Setup) 


at the right-hand section of V14, the signal appearing 
in its plate circuit is applied to the suppressor grid 
(pin 6) of pulse width gate tube V15, while the 
signal appearing in its cathode circuit is fed to the 
suppressor grid (pin 6) of pulse width gate tube 
V16. The signal appearing in the plate circuit of the 
left-hand section of V14 is fed to the control grid 
(pin 2) of V15, while the signal appearing in the 
cathode circuit is fed to the control grid (pin 2) 
of V16. Variable capacitor C54, in the cathode circuit 
of V14, may be adjusted to correct for wiring capaci- 
tance unbalance (see Maintenance). Test points TP2 
(DELAYED PHASE) and TP3 (UNDELAYED 
PHASE) are provided for convenience in trouble 
shooting the unit. 


The GBNG tubes (V15, V16) are pulse width gating 
tubes because of their ability to produce pulses of 
varying width and constant amplitude, The character- 
istics of these tubes are such that plate current will flow 
only during the time positive voltages appear at the 
control and suppressor grids simultaneously. There- 
fore, the width of the negative-going pulses appear- 
ing in the plate circuits of V15 and V16 is equal to 
the period of overlap of the positive pulses applied 
to the signal grids. This indicates that the widest 
negative plate pulse occurs when the signals are in 
phase and the narrowest when the signals are oppo- 
sitely phased. It may also be noted that the dc com- 
ponent of the pulses is linearly related to the phase 
difference between the grid signals from 0 to 180°; 
180° to 360°; etc. (with either a positive or negative 
slope). The net result of these characteristics is that 
the GBNG6 discriminator slopes are inherently linear- 
amplitude versus frequency. 


Pulses appearing in the plate circuits of V15 and 
V16 do not occur simultaneously, but are uniformly 
interspaced in mid-positions because of the phase 
splitting action of V14. Thus, if the sets of pulses 
are well balanced, the combined gating output con- 
sists only of video information carried by even 
harmonics of the fm carrier. 
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A characteristic of the 6BNG6 construction is that 
the sum of the plate and accelerator currents tends 
to remain constant and independent of both signal 
gtid potentials. Therefore, a signal current in the 
plate circuit must be accompanied by a nearly equal 
signal current of opposite polarity in the accelerator 
circuit, thereby effectively providing a push-pull! output 
from each gate. In addition to operation as pulse 
width gating tubes, V15 and V16 subject the fm 
signal to a large degree of limiting, Symmetrical limit- 
ing is obtained by the adjustment ‘of potentiometer 
R107 (CARRIER BAL), (See Maintenance). 


Signal information applied to video adder stage 
V17B is obtained from the plate and accelerator grid 
circuits of V15 and V16. The signal from the plate 
circuit is applied directly to grid number 1 (pin 2) 
of V17B while the signal from the accelerator grid cir- 
cuit is inverted in V17A and coupled through common 
cathode resistor R122 to V17B. This information is 
added in V17B and applied to a 10-section low-pass 
filter (DL2) which removes the carrier harmonics 
and unbalanced fundamental carrier frequency above 
5.0 megacycles. (In International machines, the cut- 
off frequency of this filter is 5.5 megacycles). When 
the deviation of the fm carrier does not occur below 
5.2 megacycles, as in color operation, this filter ade- 
quately removes small unbalanced carrier components 
that would degrade the video signal. However, when 
deviation occurs down to 4.3 megacycles with blank- 
ing at 5.0 megacycles, as in monochrome operation, 
discriminator balance requires more careful adjust- 
ment to keep blanking free of residual carrier not 
removed by DL2. 


The video signal from filter DL2 is fed into video 
amplifier V18. De-emphasis networks in the plate. 
circuit of V18 are used to match the pre-emphasis 
developed in the modulator so that an improved 
signal-to-noise ratio will be obtained. Switch S2 
(COLOR-VAR-MONO) selects the proper de-empha- 
sis value: COLOR 9.54 db; MONO 4.0 db. Variable 
de-emphasis control R118 (VAR DE-EMP) provides 
a de-emphasis range of approximately 2 db to 12 db 
at 4.0 megacycles. This control, in conjunction with 
switch S2, is used to obtain the optimum de-emphasis 
value when playing back tapes recorded with other 
than the normal pre-emphasis values. The control is 
set by observing the oscilloscope (unit 306) with 
DEMOD OUT pushbutton pressed. Adjust the con- 
trol to obtain minimum spikes (overshoots) on 
blanking or sync as described in Setup for Operation. 


An additional function of switch S2, operating in 
series with the TEST-OPERATE switch on the burst 
oscillator (unit 605), is to open the line carrying 24 
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Figure DEM-4. Video Output Signal at TP4 
{Machine in Setup] 


volts de to relay K2 on the chroma processor (unit 
604) and relays 5K2 and K1 on the processing ampli- 
fier (unit 308) when in MONO or VAR position. 
When in COLOR position, with the burst oscillator 
switch in OPERATE position and burst add voltage 
applied to the automatic switcher, the 24 volt line is 
closed, thus energizing these relays. 


NOTE: When recording monochrome information, 
switch $2 and its complementary switch on the mod- 
ulator (CHROME-MONO) must be turned to 
MONO position. When recording color informa- 
tion, these switches must be placed in COLOR (or 
CHROME) position. The VAR position of S2 is 
never used during the RECORD mode, When play- 
ing back a tape, the modulator is out of the system; 
therefore it is not necessary to match the switches 
on both chassis during the PLAYBACK mode. 


Variable capacitor C67, in the cathode circuit of 
V18, partially bypasses the cathode resistor to com- 
pensate for high frequency losses in the modulation 
and demodulation processes, While C67 is factory 
adjusted for flat frequency response (multiburst) with 
the machine in SETUP mode and should require no 
further adjustment, a procedure for making this ad- 
justment is given in the section on Maintenance in 
the event the capacitor or related circuit components 
must be replaced. The capacitor may be switched out 
of the circuit by placing switch S1 (NORMAL/ 
ROLL-OFF) in ROLL-OFF position if the band- 
width must be reduced to minimize objectionable 
noise in the picture. However, when S1 is placed in 
ROLL-OFF position signal resolution is lost with 
the noise. 


Output stage V19 operates as a conventional video 
amplifier. The video output signal, having a nominal 
amplitude of one volt peak-to-peak, is taken off its 
cathode and fed to output jack J4. Test point TP4 
(VIDEO OUT) is provided for convenience in moni- 
toring the output video signal (figure DEM-4). 


The disctiminator slopes may be readily seen by 
applying a 1 volt peak-to-peak “sweep” signal to 


input jack J2 and observing the waveform at output 
jack J4. Figure DEM-5 indicates the ideal waveform 
(solid line) obtained with the demodulator well 
balanced and switch $2 in MONO position. The 
single-line slope from 4.0 to 8.0 megacycles is the 
discriminator slope used in demodulation, The large 
envelope at the left is the second harmonic which 
appears to be cut off at 2.5 megacycles but is actually 
cut off at 5.0 megacycles, the cutoff point of DL2. 


RF Copy. The rf copy circuit consists of series 
amplifiers V10 and V11 interconnected so that indi- 
vidual inputs from carrier amplifiers V8 and V9 are 
combined into a single output. The output of each 
series amplifier is balanced by potentiometer R69 
(RF COPY BAL). Potentiometer R75 (RF COPY 
OUT) is used to adjust the gain of the rf copy circuit 
without affecting the linearity of the processed infor- 
mation, The circuit is designed so that the frequency 
response of the amplifiers is flat from 1 megacycle 
to 10 megacycles +2 db when measured across a 
75 ohm load. The processed rf copy information 
appears at output jack J9. 


When producing rf copies it is necessary to con- 
nect RF COPY IN (J8) of machine No. 1 to RF 
COPY OUT (J9) of machine No. 2 and vice versa. 
Relays K2 and K3 determine the various operating 
modes of the unit and are actuated from the control 
panel (unit 305). The Relay Operation Table shows 
the condition of each relay during the recorder modes 
of operation. 


SETUP FOR OPERATION 
Place the COLOR-VAR-MONO switch in MONO 


position during monochrome operation of the tape 
recorder, and in COLOR position during color opera- 
tion, to obtain the correct de-emphasis value. (The 
position of this switch must correspond to the posi- 
tion of its complementary switch on the modulator). 


When playing back a tape having pre-emphasis 
other than the normal value, press pushbutton labeled 
DEMOD OUT on CRO/MON switcher (unit 307) 
and observe waveform on waveform monitor (unit 
306). Place COLOR-VAR-MONO switch in VAR 
position and adjust VAR DE-EMP contro! to obtain 
minimum spikes (overshoots) on blanking or sync. 


Place the NORMAL/ROLL-OFF switch in NOR- 
MAL position during all modes of operation of the 
tape recorder. Use the ROLL-OFF position only 
when the bandwidth must be reduced to minimize 
objectionable noise in the picture. 
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UNBALANCED SWEE? 
FUNDAMENTAL FREQ. 


OUTPUT AMPLITUDE 


4.0 5.0 


SWEEP M.C. 


Figure DEM-5. Sketch of Discriminator Curve Seen at TP4 
with 1.0 Volt 0 to 10 mc Sweep Applied to J2 


MAINTENANCE 


Improper operation of the demodulator is due in 
most instances to weak or defective tubes, Tubes must 
be replaced with the exact types specified, and some 
care should be taken to obtain proper matching when 
one or both tubes of a pair are replaced, 


Demodulator Balance Adjustment 

1. Place NORMAL/MOD-DEMOD toggle switch, 
located on the control panel (unit 305), in MOD- 
DEMOD position. 


A. Balance Controls Set Correctly 


2. Turn COLOR-VAR-MONO switch on demodu- 
lator to MONO position and make sure CHROME- 
MONDO switch on modulator is in MONO position. 

3. Place NORMAL/ROLL-OFF switch in NOR- 
MAL position. 

4. Press DEMOD OUT pushbutton on CRO/ 
MON switcher (unit 307) and observe waveform 
on waveform monitor, 

5. Adjust potentiometers R50 (PHASE BAL) and 
R107 (CARRIER BAL) for the least carrier unbal- 
ance of the video output signal at blanking level 
(figure DEM-6). 


B. Balance Controls Set Incorrectly 


Figure DEM-6. Output Waveform at TP4 (Monoscope Signal; Machine in SETUP] 
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A. Phase Unbalance Caused by Misadjustment of R50 
(PHASE BAL). R107 Correctly Adjusted. 


B. Amplitude Unbalance Caused by Misadjustment of R107 
(CARRIER BAL). R50 Correctly Adjusted. 


C. R50 and R107 Correctly Adjusted. 


Figure DEM-7. Output Waveforms at TP4 {VIDEO OUT) with Sweep Input 


Demodulator Balance (Alternate Method) 

The procedure outlined below should be followed 
whenever the video output signal cannot be balanced 
by the above adjustments. A list of test equipment 
required consists of the following: 


1, Video sweep generator (0 to 10 mc sweep). 

2. Wide-band oscilloscope (Tektronix Type 535 or 
equivalent). 

To balance the video output signal, proceed as 
follows: 

1, Connect the sweep generator to jack J2 (SW. 
IN.). 

2. Terminate demodulator output with 75 ohms 
at jack J4 (VID OUT). 

3. Adjust sweep generator output to 1 volt peak- 
to-peak. 

4. Turn COLOR-VAR-MONO switch to MONO 
position and place NORMAL/ROLL-OFF switch in 
NORMAL position. 

5. Connect oscilloscope to test point TP4 (VIDEO 


OUT). The waveform should appear as indicated by 
solid lines in figure DEM-5, 


6. If an unbalanced condition exists, as indicated 
by the dotted lines in figure DEM-5, minimize the 
unbalance by adjusting potentiometers R50 (PHASE 
BAL) and R107 (CARRIER BAL). 


NOTE: Variable capacitor C54 also affects the 
waveform balance. This capacitor has been properly 
adjusted at the factory and should not normally 
need readjustment, except in the event tube V14 
or components in the cathode circuits of V14 have 
been replaced. 


Figure DEM-7 indicates the effect of phase and 
amplitude unbalance in the output waveform and also 
shows the correctly balanced waveform. 


Inability to obtain a balanced output waveform by 
the above procedure may indicate an excessive mis- 
match of 6BN6 tubes V15, V16. A rapid check of 
these tubes may be made by interchanging them in 
their sockets and readjusting potentiometer R107 
(CARRIER BAL). If R107 must be rotated more 
than 1% turn to approach a balanced output wave- 
form, the tubes must be more evenly matched. 


A check on the equality of amplification of the 
push-pull channels may be made by Sweeping the 
input, as described in steps 1 through 4 above, and 
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Figure DEM-8. Sweep Response at TP2 [left] and TP3 (right) with Sweep Input Level 
Attenuated Below Limiting (Frequency Markers at 0, 1, 2, 5 and 10 mc] 


observing the frequency response at test points TP2 
(DELAYED PHASE) and TP3 (UNDELAYED 
PHASE) at the cathodes of phase splitter V14. When 
the sweep generator input is reduced so that the 
amplifiers are not limiting, the response observed 
at TP2 and TP3 should be equal in amplitude and 
shape (+10%) to approximately 8 mc (figure 
DEM-8). 


RF Copy Balance 

The rf copy balance control may need infrequent 
adjustment. When making this adjustment, follow 
the procedure outlined below using an oscilloscope 
at the rear of the demodulator chassis, 


1. Remove the connection from RF COPY OUT 
(J9) and terminate with 75 ohms. Rotate RF COPY 
OUT control (R75) to maximum position (clock- 
wise). 

2. With no signal input to the modulator, press 
RF COPY and SETUP pushbuttons on the control 
panel. This permits the modulator carrier frequency 
to appear at the output (J9) of the rf copy circuit. 


3. Place oscilloscope input probe at jack J9. 


4. Short out one of the rf copy channels by insert- 
ing a .01 ,fd capacitor between pin 7 of V11 and 
ground, 


5. Adjust RF COPY BAL (R69) for maximum out- 
put at J9 and note carrier amplitude. 


6. Remove the .01 ,fd capacitor from pin 7 of 
V11 and place it between pin 2 of V10 and ground, 
shorting out the other rf copy channel, and note the 
carrier amplitude at J9. 


7. The amplitudes obtained in steps 5 and 6 should 
agree within 20%. (It may be necessary to repeat 
the above procedure until the proper balance is 
obtained.) 


8. Remove the .01 yfd capacitor and adjust RF 
COPY OUT control for 1 +.2 volts peak-to-peak. 


NOTE: Refer to figure DEM-12 for typical exam- 
ples of rf copy output waveforms. 


Overall Gain 

The demodulator provides a minimum of 50 db 
limiting to eliminate fluctuations in video amplitude 
due to amplitude modulation of the carrier, carrier 
“bounce”, tape dropouts, or other irregularities in 
carrier amplitude. Inability to obtain the minimum 
limiting is generally due to weak tubes. Test equip- 
ment required in checking the limiting of the 
demodulator consists of the following: 


1. Wide-band oscilloscope (Tektronix Type 535 orf 
equivalent). 


2. Low-capacity oscilloscope attenuator probe. 
3. Calibrated rf attenuator, 


To determine the limiting of the demodulator, 
proceed as follows: 


1, Place NORMAL/MOD-DEMOD toggle switch, 
located on the control panel (unit 305), in MOD- 
DEMOD position. 


2. Connect the rf attenuator, in series with the 
input from the modulator, to input jack J6 (FM IN). 


3. Set the attenuation to zero and check the modu- 
lator output for 1 volt peak-to-peak, using the oscillo- 
scope with the probe connected to test point TP1 
(FM INPUT). 


4. Move the probe to test point TP4 (VIDEO 
OUT) and observe the output signal. 


5. Increase attenuation until peak-to-peak video 
output signal decreases 10%. The attenuation inserted 
in series with the input signal determines the amount 
of limiting obtained. 
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A. Video Input to Modulator (VID IN on CRO Monitor) 


Hj 


ee eee 


B. Video Output from Demodulator {(DEMOD OUT on CRO 
Monitor) 


Figure DEM-9. Waveforms Obtained with Multiburst Input Signal Applied to Machine 


Video Frequency Response Adjustment 

The overall video frequency response of the modu- 
lator and demodulator should be flat (+114 db) to 
4 megacycles. To adjust the frequency response, fol- 
low the procedure outlined below: 


1. Place machine in SETUP. 


2. Set modulator and demodulator switches to 
MONO position, and demodulator NORMAL/ 
ROLL-OFF switch to NORMAL position. 


3. Apply a multiburst signal to input of machine. 
(Telechrome Model 1003C recommended), 


4. Press oscilloscope VID IN pushbutton on CRO/ 
MON switcher (unit 307) and observe input signal 
waveform on CRO monitor (unit 306). 


5. Adjust multiburst input signal so that the wave- 
form amplitude is as shown in figure DEM-9A. 
(100% amplitude high frequency bursts cannot be 
used because pre-emphasis of the video signal causes 
the deviation of the fm carrier to exceed the knee of 
the demodulator characteristic). 


6, Adjust modulator sync tip and white tip fre- 
quencies as described in IB-31133 (modulator, 
unit 102). 


7. Press oscilloscope DEMOD OUT pushbutton on 
CRO/MON switcher and observe demodulator out- 
put signal on CRO monitor. 


8. Adjust gain of distribution amplifier No. 2 (unit 
303) for blanking at 0 and white bar at 100 IRE units. 


9. For monochrome machines, adjust variable ca- 
pacitor C67 (rear of demodulator) so that amplitudes 
of the bursts extend from 10 to 70 IRE units as shown 
in figure DEM-9B. (Approximately +10 IRE units 
are allowed within the specification of +114 db). 


For color machines, adjust C67 for unity 3.6 mc 
burst (60 IRE units). 


NOTE: The higher frequency bursts observed on 
the output contain beats, The true amplitude of 
any given burst extends from halfway between the 
minimum and maximum of the beat at the top of 
the burst to halfway between the minimum and 
maximum of the beat at the bottom of the burst. 


Output Level 

All tubes from the 6BNG discriminator tubes (V15 
and V16) to output tube V19 determine the output 
level of the demodulator. Therefore, difficulty in 
obtaining an output level of 0.7 volt peak-to-peak 
indicates a tube or component failure in one of these 
stages, The output level, as observed on the waveform 
monitor when the DEMOD OUT pushbutton on the 
CRO/MON switcher is pressed, is adjusted to 1 
&.2 volt peak-to-peak at the output of distribution 
amplifier No. 2 (unit 303). 


Waveforms and Voltages 

Figures DEM-10 to DEM-12 show typical wave- 
forms, with amplitudes, obtained throughout the unit 
for use as an aid in trouble shooting. All waveforms 
were obtained with a Tektronix Type 535 oscilloscope 
having a 10:1 attenuator probe and with the machine 
in SETUP (in RF COPY SETUP in figure DEM-12). 
Also, both modulator and demodulator COLOR- 
MONDO switches were in MONO position. 


The Voltage Table, adjacent to the schematic dia- 
gram (figure DEM-14), indicates typical tube socket 
voltages with respect to ground measured with a 
vacuum-tube voltmeter. All voltages are dc unless 
otherwise noted. 
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A, Modulator Input Signal at TP1 (Machine in RECORD B. Demodulator Input Signal at TP] (Machine in 
or SETUP). 0.2 volt/division RF COPY or RF COPY and RECORD). 
0.2 vol#/division 


C. V2 pin 7. 0.5 volt/division D. V4 pin 7. 0.5 volt/division 


E. V6 pin 7. 0.5 volt/division F. V8 pin 7. 0.5 volt/division 


Figure DEM-10. Typical Waveforms 
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A. V12 pin 1 (PHASE BAL minimum). .0.5 volts/division B. V14 pin 3 (TP2). 5 volts/division 


C. V14 pin 8 (TP3). 5 volts/division D. V17B pin 6. .05 volts/division 


E. V18 pin 1, .05 volts/division F. Video Output (TP4). 0.2 volts/division 


Figure DEM-11. Typical Waveforms 
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A. RF COPY OUT—maximum; RF COPY BAL—maximum B. Same as DEM-12A except other rf copy input grounded 
output. (One rf copy input grounded by .01 ufd capaci- by .01 ufd capacitor from V8 pin 5 to ground 
tor from V9? pin 5 to ground.) 0.5 volt/division 


Cc. RF COPY OUT—maximum. 0.5 volt/division D. RF COPY OUT—minimum. 0.5 volt/division 


Figure DEM-12. Typical Waveforms at RF Copy Output (J9) with Output (RF COPY OUT] 
and Balance [RF COPY BAL] Controls Positioned as Indicated 
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Figure DEM-13. Rear View of Demodulator 


LIST OF PARTS 


DEMODULATOR, (8515298-501 ) 


CAPACITORS: 
8811182-5 ceramic, 10,000 puf -20 +100%, 450 v 
8811182-7 ceramic, 1000 uuf -20 +100%, 500 v 
8811182-5 ceramic, 10,000 puf ~20 +100%, 450 
8811182-7 ceramic, 1000 puf -20 +100%, 500 v 
727851-102 mica, 10 puf +10%, 500 v char “B” 
8811182-7 ceramic, 1000 uuf ~20 +100%, 500 v 
8811182-5 ceramic, 10,000 puf -~20 +100%, 450 
Not Used 
C13 to C16 8811182-7 ceramic, 1000 wuf -20 +100%, 500 v 
C17,C18 8811182-5 ceramic, 10,000 puf -20 +100%, 450 
C19 Not Used 
C20 to C23 8811182-7 ceramic, 1000 yyf -20 +100%, 500 v 
C24, C25 8811182-5 ceramic, 10,000 puf -20 +100%, 450 
C26 Not Used 
C27 to C30 8811182-7 ceramic, 1000 puf -20 +100%, 500 v 
C31,C32 8811182-5 ceramic, 10,000 uuf -20 +100%, 450 
C33,C34 8811182-7 ceramic, 1000 puff -20 +100%, 500 v 
C35, C36 8811182-5 ceramic, 10,000 puf -20 +100%, 450 
C37, C38 8811182-7 ceramic, 1000 puf -20 +100%, 500 v 
C39 Not Used 
C40 8811182-7 ceramic, 1000 uef -20 +100%, 500 v 


C41 to C44 
C45,C46 
C47 

C48 

C49 to C53 
C54 

C55A/D 
C56, C57 
C58,C59 
C60 

C61 

C62 

C63 

C64 

C65A/D 

C66 

C67 


98408 


223861 


209267 


C73 to C76 
CRI to CR6 
DS1 
DL1 


218493 
101857 
223457 
78912 

218241 
218167 
99582 

219421 
53447 
51604 
51800 
52107 
51800 


51800 

222659 
218165 
212301 
202910 
210343 
51607 


215661 
54246 
52108 


215661 
54246 


210715 


8811182-5 


8811182-7 
990786-375 
8811182-7 
984003-10 
458558-5 
8811182-5 
990786-379 
735715-175 
748252-206 
990786-379 
727853-230 
727853-235 
458558-5 
990786-379 
8901210-8 
727853-137 
727853-133 
458558-2 
990786-379 
727853-235 
8811182-5 


872291-9 
8438311-514 
90575-407 
8914319-18 
8438311-511 
90575-409 
748252-426 
990157-108 
727969-3 
255223-2 
727969-13 
255223-2 


255223-2 
727969-31 
470678-5 


8825473-505 
8825473-503 
727969-4 


252868-1 
893648-2 
727969-14 


252868-1 
893648-2 


8909771-501 
727969-30 


82283- 132 


99126-74 
90496-161 
82283-74 
82283-52 
99126-74 
82283-151 


ceramic, 10,000 puf -20 +100%, 450 v 
Not Used 

ceramic, 1000 pwuf -20 +100%, 
plastic, 0.1 wf +10%, 400 v 
ceramic, 1000 uyf -20 +100%, 
variable, ceramic, 1.5/7 puf 
electrolytic, 20/20/20/20 uf 450 v 
ceramic, 10,000 wuf -20 +100%, 450 v 
plastic, 0.22 wf +10%, 400 v 

paper, 0.1 uf +10%, 400 v 

mica, 6 pf +10%, 500 v, char “C” 
plastic, 0.22 wf +10%, 400 v 

mica, 200 wuf +5%, 500 v, char “D” 
mica, 330 puf +5%, 500 v, char D” 
electrolytic, 20/20/20/20 uf 450 v 
plastic, 0.22 uf +10%, 400 v 
trimmer, 110/580 pyf 

mica, 390 pzyuf +10%, 500 v, char “D” 
mica, 270 puf +10%, 500 v, char D” 
electrolytic, 1000/1000 pf 15 v 
plastic, 0.22 wf +10%, 400 v 

mica, 330 uwuf +5%, 500 v, char “D” 
ceramic, 10,000 puf -20 +100%, 450 v 
Diode: type 1N270 

Lamp: indicator 

Line: delay 
Capacitor: 


500 v 


500 v 


ceramic, 4 ppf +.25 ppf 


Capacitor: mica, 56 puf +1%, 500 v 
Line: delay 

Capacitor: ceramic, 5 pyf +.25 ppt 
Capacitor: mica, 62 puf +2%, 500 v 
Fuse 

Connector: male, 6 contact 
Connector: coax, chassis mtg. 
Connector: male, 4 contact 
Connector: coax, chassis mtg. 

Not Used 

Connector: coax, chassis mtg, 
Connector: male, 2 contact 


Relay: 24 v S.P.D.T. with 2 micro switches 
Micro Switch only for Kl 
Coil: choke, 10 microhenry 
Coil: 6 microhenry 
Connector: female, 6 contacts 
Connector: coax, cable mtg. 
Connector only 
Adaptor - solder type 
Connector: female, 4 contact 
Connector: coax, cable mtg. ° 
Connector only 
Adaptor - solder type 
Not Used 
Termination: 
Connector: 


coax 
female, 


2 contacts 


RESISTORS: 


75 ohms, 
Not Used 
10,000 ohms, +10%, 
1200 ohms, +5%, 1 w 
10,000 ohms, +10%, % w 
150 ohms, +10%, % w 
10.000 ohms. +10%,. 2 w 
470 ohms, +5%, 4 w 


+5%, 4% w 


2w 


Fixed, Composition - Unless otherwise specified 
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R45, R46 
R47 
R48, R49 
R50 
R51 
R52, R53 


R73, R74 
R75 

R76 

R77 

R78 

R79 

R80 

R81 

R82 

R83 

R84 

R85 to R88 
R89 
R90, R91 


221876 


214882 
215166 
214882 


221876 


214882 
215166 
214882 


221876 


98221 

214882 
215166 
214882 


82283-82 
82283-142 
82283-145 
82283-60 

8 2283-56 
82283-82 
8515216-389 
82283-54 
82283-212 
82283-202 
82283-200 
82283-54 
8515214-201 
8515214-285 
8515214-201 
82283-82 
8515216-389 
82283-54 

8 2283-200 
82283-94 
8515214-201 
8515214-285 
8515214-201 
82283- 212 
82283- 202 
82283-82 
8515216-389 
82283-54 
82283-200 
8971860-105 
8515214-201 
8515214- 285 
8515214- 201 
82283-82 
99126-181 
82283-200 
82283-152 
99126-161 
90496-142 
82283-94 
82283-42 
82283-57 
9871860-106 
8 2283-126 
82283-42 
82283-44 
8971860-104 
82283-126 
99126-161 
90496-142 
82283-55 
82283-94 
90496-142 
82283-212 
82283-202 
82283-82 
99126-174 
82283-82 
90496-174 
90496-50 
82283-149 
90496-157 
82283-156 


82283-216 


47,000 ohms, +10%, %w 
200 ohms, +5%, 4% w 

270 ohms, £5%, 4 w 

680 ohms, +10%, % w 

330 ohms, 410%, %w 
47,000 ohms, +10%, % w 
film, 8250 ohms, +1%, 2 w 
220 ohms, +10%, %w 
160,000 ohms, +5%, %w 
62,000 ohms, +5%, 4% w 
51,000 ohms, +5%, % w 
220 ohms, +10%, % w 
film, 100 ohms, 11%, 
film, 750 ohms, +1%, 
film, 100 ohms, +1%, 
47,000 ohms, +10%, % 
film, 8250 ohms, +1%, 2 w 

220 ohms, +10%, % w 

51,000 ohms, +5%, % w 

470,000 ohms, +10%, % w 

film, 100 ohms, £1%, % w 

film, 750 ohms, +1%, 4% w 

film, 100 ohms, +1%, ’%w 

160,000 ohms, +5%, 4% w 

62,000 ohms, +5%, % w 

47,000 ohms, +10%, % w 

film, 8250 ohms, +10%, % w 

220 ohms, +10%, %w 

51,000 ohms, +5%, %w 

variable, 500 ohms, +10%, 2 w 

film, 100 ohms, +1%, % w 

film, 750 ohms, +1%, 4%w 

film, 100 ohms, 41%, % 

47,000 ohms, +10%, % w 

8200 ohms, +5%, 2 w 

51,000 ohms, +5%, % w 

510 ohms, +5%, % w 

1200 ohms, +5%, 2 

200 ohms, +5%, 1 w 

470,000 ohms, +10%, &% w 

22 ohms, +10%, 4% w 

390 ohms, +10%, %w 

variable, 1000 ohms, +10%, 2 w 

43 ohms, +5%, % w 

22 ohms, +10%, % w 

33 ohms, +10%, % w 

variable, comp., 250 ohms, +10%, 2 w 
43 ohms, +5%, %w 

1200 ohms, 15%, 2 w 

200 ohms, +5%, 1 w 

270 ohms, +10%, Kw 

470,000 ohms, 410%, % w 

200 ohms, +5%, lw 

160,000 ohms, +5%, 4% w 

62,000 ohms, £5%, 4% w 

47,000 ohms, +10%, 4% w 

4300 ohms, +5%, 2 w 

47,000 ohms, £10%, % w 

4300 ohms, £5%, lw 

100 ohms, +10%, 1 w 

390 ohms, +5%, 4% w 

820 ohms, +5%, 1 w 

750 ohms, +5%, % w 

Not Used 

240,000 ohms, +5%, % w 


2x0 ck 
zee 
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R98 82283-190 20,000 ohms, +5%, % w 

R99 82283-82 47,000 ohms, +10%, % w 

R100 99126-63 1200 ohms, +10%, 2 w 

R101, R102 90496-167 2200 ohms, +5%, lw 

R103 82283-82 47,000 ohms, +10%, %w 

R104,R105 82283-175 4700 ohms, +5%, % w 

R106 82283-141 180 ohms, 5%, % w 

R107 8971860-108 variable, 2500 ohms, +10%, 2w 

R108 82283-141 180 ohms, +5%, %w 

R109, R110 90496-167 2200 ohms, +5%, 1 w 

R111,R112 82283-175 4700 ohms, +5%, %w 

R113, R114 99126-86 100,000 ohms, +10%, 2 w 

R115,R116 82283-152 510 ohms, +5%, % w 

R117 82283-76 15,000 ohms, +10%, % w 

R118 433196-17 variable, 2000 ohms, +10%, 2 w 

R119 82283-50 100 ohms, +10%, %w 

R120 82283-98 1 meg +10%, % w 

R121 82283-66 2200 ohms, +10%, %w 

R122 82283-45 39 ohms, +10%, % w 

R123 82283-98 1 meg +10%, % w 

R124 82283-50 100 ohms, +10%, % w 

R125 458572-63 wire wound, 3500 ohms, +5%, 5 w 

R126 82283-165 1800 ohms, +5%, %w 

R127 82283-163 1500 ohms, +5%, %w 

R128 82283-98 1 meg +10%, %w 

R129 82283-163 1500 ohms, +5%, % w 

R130 82283-144 240 ohms, +5%, % w 

R131 82283-146 300 ohms, +5%, % w 

R132 Not Used 

R133, R134 82283-135 100 ohms, +5%, % w 

R135 82283-50 100 ohms, +10%, % w 

R136 82283-98 1 meg +10%, %w 

R137 82283-62 1000 ohms, +10%, %w 

R138 82283-66 2200 ohms, +10%, % w 

R139 8817660-17 wire wound, 3000 ohms, +10%, 10 w 

R140 82283-48 68 ohms, +10%, % w 

R141 90496- 56 330 ohms, +10%, lw 

R142 90496- 38 10 ohms, +10%, 1 w 

R143 Pt. of XDS1 

R144 82283-94 470,000 ohms, +10%, % w 

R145 99126-75 12,000 ohms, +10%, 2 w 

R146 82283-139 150 ohms, +5%, % w 

R147 82283-155 680 ohms, +5%, %w 
82283-111 10 ohms, £5%, % w 
82283-183 10,000 ohms, +5%, % w 
82283-148 360 ohms, +5%, %w 
82283-148 360 ohms, +5%, % w 
82283-150 430 ohms, +5%, % w 
95559-5 Switch: toggle, D.P.D.T. 
8983928-1 Switch: rotary, 4 pole, 3 pos. 
450031-3 Transformer 

TP1 to TP4 8825493-7 Jack: tip, yellow 

V2 to V9 Tube: type 6485 

XADS1 990788-507 Jewel: indicator light 

XDS1 990789-5 Socket: indicator light 

XF1 99088-2 Holder: fuse 

XV1 737870-14 Socket: tube, pin 

XV2 to XV9 737867-14 Socket: tube, pin 

XV10 to XV14 737870-14 Socket; tube, pin 

XV15, XV16 737867-14 Socket: tube, pin 

XV17 737870-14 Socket: tube, pin 

XV18 737867-14 Socket: tube, pin 

Xv19 737870-14 Socket: tube, pin 


Miscellaneous: 
845607-1 Knob: black 
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Figure DEM-14. Demodulator Schematic Diagram 
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Figure TTP-1. Tape Transport Panel 
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DESCRIPTION 


The Tape Transport Panel (fig. TTP-1) is located 
in the operations center between the control panel, 
on the right, and the picture monitor, on the left. 
Its purpose is to convey the magnetic tape over the 
necessary recording and pickup heads, while main- 
taining correct tape speed and tension to give the 
required performance. 


The structural support for the tape transport panel 
consists of a cast aluminum plate precision ground on 
both sides to a thickness of one-half inch, Along 
each edge it is fastened to a two by three inch ex- 
truded aluminum angle. The angles are in turn 
fastened to the rack frame. All assemblies and com- 
ponents are fastened to the aluminum plate. 


The upper reel supplies the tape (fig. TTP-1) to be 
recorded upon or played back from, The lower reel 
is for tape storage. The tape from the upper reel 
passes under the upper tension arm rod, the purpose 
of which is to take up the excess tape in the event 
of erratic motion. After passing under the upper 
tension arm the tape passes over the master erase 
head. Preceding and following the master erase head 
are two air guides which position the tape for its 
approach to the video headwheel. The master erase 
head is energized in the record mode of operation 
only; it erases any previously recorded signals. After 
passing over the erase head and air guides the tape 
comes to the video headwheel where the video and 
control signals are either recorded onto or read from 
the tape by the headwheel assembly. After leaving 
the headwheel assembly the tape passes the audio 
heads. The lower air guide changes the direction of 
the tape for its approach to the capstan which con- 
trols the tape speed. After leaving the capstan the 
tape passes over the counting capstan which is rotated 
by the tape and thus counts the length of tape in 
minutes and seconds of playing time. The tape from 
the counting capstan passes under the lower tension 
arm post, which performs the same function as the 
upper tension arm, and onto the take-up reel. 


During rewind, the upper reel motor is fully ener- 
gized and starts at a maximum speed of 875 rpm 
which decreases as the reel fills, During maximum 
speed rewind, the lower motor is energized to rotate 
counterclockwise with an applied voltage of approxi- 
mately 50 volts. However, its direction of rotation is 
clockwise and its speed is determined by the tape 
speed which increases with the radius of the upper 
reel. In the play mode the motors operate at a con- 
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stant torque. The supply motor operates at slightly 
below 25-inch ounces; and the take-up motor at 50- 
inch ounces. 


The reel hub assemblies (fig. TTP-7) support the 
tape reels and hold them securely to the motor shafts. 
There are three pawls that clamp the reel against the 
flange of the hub. The hub is secured to the motor 
shaft and has three equally positioned slots in which 
the three pawls ride. Turning the knob in a counter- 
clockwise direction causes the pawls to retract to allow 
removal of the reel. Turning the knob in a clockwise 
direction causes the pawls to clamp the reel. 


Reel Motor and Brake Assembly 

The reel-motor, hub, and brake assemblies (figs. 
TTP-2, TTP-5, and TTP-8) are key units in the 
handling of tape. The reel motors supply power to 
hold back or take up the tape. The hub assembly 
supports the reel and tape, and the brakes operate to 
bring the reels to a safe stop. 


The reel motors are of the induction torque design, 
with a rating of 65 inch-ounces at 75 volts. The front 
flange of the motor is used to fasten it to the mount- 
ing plate; on the rear flange is mounted the brake 
assembly. The complete assembly of motor, hub, and 
brake can be easily removed from the tape transport 
panel for repair. 


The brakes are fail-safe since they are spring actu- 
ated and solenoid released. Braking is done by an 
asbestos lined band on a brass drum. The linkage is 
arranged to give differential braking depending on 
the direction of rotation, Differential braking is re- 
quired to prevent tape slack when going from high 
speed WIND or high speed REWIND to STOP, 


Capstan, Pinch Roller, and Linkage 

The capstan motor (figs. TTP-1, TIP-2, and 
TTP-4) controls the tape speed. Its shaft is sized to 
give a tape speed of 15 inches per second at a speed 
of 600 rpm. It is a hysteresis, synchronous, two-phase 
motor with a rated running torque of 11 inch-ounces. 
To smooth out speed fluctuations, a flywheel is 
mounted on the other end of the capstan motor shaft. 


The pinch roller assembly (fig. TTP-10) is a self- 
aligning split roller design utilizing the controlled 
looseness of ball bearings. There is sufficient freedom 
of the shaft, in the arm and each roller on the shaft, 
to allow the rollers to align with the capstan shaft. 
The actuation of the pinch rollers is done by a rotary 
solenoid through a spring loaded link. The spring 
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loaded link in conjunction with a link on the rotary 
solenoid shaft provide a knuckle action which reduces 
the holding torque required of the solenoid, This 
action utilizes most of the rotary stroke for moving 
the pinch rollers to the contact point therefore pro- 
viding adequate clearance. The final 15 degrees of 
stroke is used to compress the spring link; therefore, 
providing the force necessary to hold the pinch rollers 
against the tape and capstan, This spring force is 
adjustable, but does not change with variations in 
solenoid torque. 


Counting Capstan and Counter 

To measure the length of tape used, a counting 
capstan (figs, TTP-1, TTP-2, and TTP-9) is incor- 
porated. It is geared to the counter through a small 
drive shaft parallel to the panel. The counting cap- 
stan diameter and spur gears are designed to give one 
count for each 15 inches of tape. This results in the 
counter reading minutes and seconds of tape, with 
a maximum time of 99 minutes and 59 seconds, 


Audio Heads and Mounts 

Erase heads for the program and cue tracks are 
mounted in the first support (figs. TTP-1 and TTP- 
15). The second support holds the cue and program 
audio heads, Between the first and second support is 
mounted a back-up post which makes it possible to 
obtain the proper wrap on each support, yet allow 
the three supports to be in a straight line. The two 
heads in the third support provide simultaneous play- 
back of program audio and control track signals. All 
six heads are adjusted for proper track location, The 
program audio, cue, and simultaneous audio play- 
back heads are also adjusted for proper azimuth. 


Tension Control 

In the record and play modes the reel motors are 
energized to give a fixed torque, regardless of the 
amount of tape on either reel. The tension of the 
tap changes because the radius of the reel changes 
from a minimum of 2.25 to 6.75 inches for a 14-inch 
diameter reel of tape. This change in tension causes 
the load on the capstan to change from holding back 
at the start of a reel to pulling at the end of the reel. 
In terms of load on the capstan, a representative 
change would be from —3 to +2 inch-ounces from 
the start to the end of a 7200 foot reel. 


The tension arms on this machine serve the func- 
tion of taking up or paying out tape at a faster rate 


than can be provided by the reel motor assembly. 
Unilateral damping has been provided to operate 
when the tension arms are paying out tape. This is 
accomplished with unidirectional air dampers mounted 
on the rear of the support panel and connected to the 
tension arms, Damping in this manner stabilizes the 
tape speed more quickly when starting. 


Headwheel Blower 

The headwheel blower (unit 208) located on the 
rear of the tape transport panel (fig. TTP-2) is used 
for cleaning and cooling of the headwheel assembly. 
A permanently lubricated ball-bearing motor drives a 
multi-stage blower which draws the air from the 
headwheel panel over an oil-wetted wire filter. This 
filter removed the dust and lint collected from the 
tape and headwheel. 


Headwheel Panel Cover 

A hinged and removable cover (fig. TTP-1), with 
an inspection window, is provided to protect the 
headwheel area. The protective cover can be removed 
by loosening the captive screws at the bottom and 
top of the cover and pulling the cover away from the 
tape transport panel. 


Vacuum Guide Positioner Assembly 

The vacuum guide positioner assembly (figs. TTP-2, 
TTP-11, and TTP-12) is the actuator for the vacuum 
guide position control system. It consists of a phase 
controlled servo motor gear coupled to a lead screw 
and a three-turn error potentiometer. The axial loca- 
tion of the lead screw establishes, through a linkage 
mechanism on the headwheel panel, the position of 
the vacuum guide. The error potentiometer is so 
coupled that the amount of resistance seen at the. 
center tap is proportional to the position of the lead 
screw. This potentiometer functions only when the 
system is in the manual mode of operation; in the 
automatic position it is out of the circuit, The ratio 
of coupling is such that approximately 2.94 turns of 
the potentiometer give .005 inch movement of the 
guide, In the manual mode of operation the mechan- 
ism is electrically limited to this amount of rotation 
by means of a bridge control circuit. In the auto- 
matic mode of operation, the total excursion is limited 
only by the mechanical stops on the potentiometer. 
This potentiometer has a 90-degree over-travel at each 
end so that the total excursion in the automatic mode 
is 314 turns of the potentiometer. 
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Figure TTP-2. Tape Transport Panel—Rear View 
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Adjustments 

Air and Vacuum Relief Valves, Check and adjust the 
air and vacuum relief valves [figs. TIP-2 and AP-2 
(UNIT 509)] as follows: 


1, Install a tape; correct pressure adjustments can 
not be made unless a tape is threaded correctly on the 
tape transport panel. 


2. Check the readings on the air pressure and 
vacuum gauges, located on the rear of the tape trans- 
port panel, before running as part of the system, The 
air pressure gauge, which is calibrated in pounds-per- 
squate inch; should read between 3.5 and 4.5. The 
vacuum gauge, which is calibrated in inches of mer- 
cury, should read between 4.5 and 5.5, If these read- 
ings are not obtained refer to steps 3 (vacuum adjust- 
ment) and 4 (air pressure adjustment). 


CAUTION: Do not operate the pump for a 
period in excess of 3 minutes if the reading 
on either the vacuum or air pressure gauge 
is over 10. The carbon vanes depend on air 
blown through the pump for cooling. A 
pressure of 10 or a vacuum of 10 indicates 
the flow of air through the pump is getting 
dangerously low. Permanent damage to the 
carbon vanes will result if they are over- 
heated. 
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3. To adjust the vacuum relief valve loosen the 
knurled jam-nut on the threaded valve-stem. Insert 
a screwdriver in the slotted-end and hold it to prevent 
rotation, and turn the second knurled nut to change 
the spring pressure on the valve, Remove the screw- 
driver and read the vacuum gauges (do not touch 
the valve-stem while reading the gauge or the read- 
ing may be erroneous). Repeat the adjustment until 
the correct reading is obtained (4.5 to 5.5). Then 
lock the adjustment nut with the knurled jam-nut. 


4. To adjust the air pressure relief valve, loosen 
the hex type jam-nut and change the valve spring 
pressure by turning the knurled adjusting screw. 
When correct air pressure is obtained (3.5 +0 4.5) 
lock the adjusting screw with the hex jam-nut. 


NOTE: When making pressure adjustments always 
ascertain that all portions of the air and vacuum 
systems are in place and there are no leaks in the 
lines. 


Tension Arm, The two tape tension arms (fig. TTP-1) 
are to be adjusted so that the spring holds the arm 
against the stop with a minimum spring force (3 to 4 
ounces as measured with a spring scale attached to 
the tape arm post). To adjust the tape arm tension 
proceed as follows: 


1, Use a length of string or tape to attach the 
spring scale to the tape arm post. 
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Figure TTP-3. Brake Band Tension-ARM Spring 


2. Lift the arm away from the stop, making certain. 
that the scale is at right angle to the tension arm, and 
note the reading on the scale. It should be between 3 
and 4 ounces, If this reading is not obtained, adjust 
the arm tension by inserting the end of the sprin 
imeora “different stot on thie slotted rim of the housing 
as 


NOTE: The lower tension arm operates the tape 
breakage switch, and therefore any change in the 
position of the spring arm will require an adjust- 
ment of the tape breakage switch (S1). 


Pinch Roller. Insufficient roller pressure may result 
in audio flutter and improper tracking near the end 
of a reel of tape. In the play and record modes a 
minimum pressure of 10 pounds is needed to lift the 
roller from the capstan. To adjust the pinch roller 
proceed as follows: 


1, Remove the tape from the recorder. 


2. Tie the lower tension arm back to keep the brake 


switch from operating, and place the recorder in the 
PLAY mode. 


3. Using a small length of string or tape attach 
a spring scale to the pinch roller arm (fig. TTP-4) 
at the clamp screw between the two rollers, and pull 
at a right angle to the arm until the rollers lift off 
the capstan. (Turn the rollers with light finger pres- 
sure to determine when the rollers lift off.) 


4, The spring scale should indicate between 91/4, 
and 1014 pounds of pressure; if not, move the two 


nuts on the spring coupled solenoid link, on the rear 
-of the tape-transport panel (fig, TTP-4). . 


5. Tighten the two solenoid nuts after the adjust- 
ment is complete. 


6. Check the position of the roll pin in the upper- 
end of the spring coupled solenoid arm link, When 
the pinch roller is energized, the roll pin should be 
approximately centered in the clearance hole (fig. 
TTP-4). If not, loosen the four socket-head screws 
that hold the solenoid bracket, and adjust the sole- 
noid bracket until the roll pin is centered. After the 
pin is centered retighten the four socket-head screws. 


Reel Motor Voltage ( “ope Reel}. With the tape 

in the play upper reel motor will 
run in a clockwise direction. The motor voltage is 
adjusted as follows: 


1. Wrap a short length of old tape around the hub 
of an.empty reel and attach a spring scale to the end. 


2. Adjust resistor, R11, located in the upper left- 


hand corner of the relay bank, until the motor pro- 
duces 10 ounces of pull as measured on the spring 
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scale. The voltage, as measured at terminal board 
TB1-2 and TB1-3 (at rear of motor, fig. TTP-16) 
should be approximately 45 volts. 


Reel Motor Voltage (Lower Reel). With the tape 

play mode, the lower reel motor will 
run in a counterclockwise direction. The motor volt- 
age is adjusted as follows: 


1. Wrap a short length of old tape around the hub 
of an empty reel and attach a spring scale to the end. 


2. Adjust resistor R12, located in the upper left- 


hand corner of the relay bank, until the motor pro- 
duces 20 ounces of pull as measured on the spring 
scale. The voltage as measured at terminal board 
TB2-2 and TB2-3 (at the rear of motor, fig. TTP-16) 
should be approximately 65 volts. 


Motor Voltage in Wind Mode. The FORWARD- 
REVERSE control (variable transformer T1) located 
on the control panel provides the necessary voltages 
for the upper and lower reel motors for winding the 
tape. (Refer to the instruction book covering the 
Control Panel and Control Relay Bank, unit 305.) 
The limits of these voltages are established by adjust- 
able stops located on the back frame of the wind 
control transformer, Access to these stops may be 
gained at the rear of rack 3 by swinging the relay 
bank assembly outward. The following procedure 
should be used to adjust the stops. 


1. Thread a full 14-inch (114 hours) reel of tape 
on the Tape Transport Panel. 


NOTE: A 1214 inch (1 hour) reel may be used if 
the larger reel is not available, but it may be 
necessaty to readjust the stops if the larger reel is 
used. 


2. Press the control panel WIND button. 

3. Turn the FORWARD-REVERSE control to the 
FORWARD position, and wind 30 seconds of tape 
onto the lower reel. 

4, Turn the FORWARD-REVERSE control toward 


REVERSE, until the tape just begins to rewind, and 
press the control panel STOP button. 


5. Remove the plug labeled AC IN (P32) on the 
rear of the control panel chassis. 


6. Adjust the upper stop assembly so that the 
sliding arm of the variac cannot move further in the 
reverse direction. 


7. Wind all but a few hundred feet of tape onto 
the lower reel. 


8. Repeat steps 2 through 6 but using the FOR- 
WARD position of the wind control instead of 
REVERSE, 
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Figure TTP-4. Capstan Solenoid Linkage Assembly 


TABLE OF TYPICAL MOTOR VOLTAGES 


Upper | Lower 
Full Reverse | Terminal Board TB1-2, 3 125 45 
Full Forward | Terminal Board TB2-2, 3 45 125 


Take-Up Reel Boost. The take-up reel motor must 
have an additional voltage applied to it in order to 
start it rotating when a large amount of tape is 
already wound on the reel. To start the lower reel 
motor, a voltage of 117 volts ac is applied for a short 
period of time. The time delay is set for two seconds 
at the factory but can be changed if so desired, The 
time delay is controlled by relay K-38 located on the 
auxiliary relay panel directly below transformer T2. 
The time delay can be increased or decreased to give 
the proper starting take-up action, Final Adjustment 
should provide a condition giving a start, using an 
empty reel, without any excessive jerk; also, a full 
reel of tape should start without throwing an exces- 
sive loop of tape. 


Brake (Upper). Adjust the upper brake as follows: 
1, Place an empty tape reel on the supply reel hub. 


2. Wrap a length of tape or cord around the center 
of the empty tape reel hub so that the free end comes 
off to the top left. Connect a spring scale (having a 
capacity of at least 7 pounds) to the free end of 
the tape. 


3. Pull the scale to the left, so that the reel will 
turn in a counterclockwise direction, and note the 
steady state reading. If the scale does not read 7 
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pounds adjust the spring screw (figs, TIP-5 and 


TTP-8), mounted near the brake solenoid on the 
back of the tape transport panel, ‘for the desired | read- 


ing. Make certain that the lock nut is tight after 
adjusting. 


Brake (Lower), Adjust the lower brake as follows: 


1. Place an empty tape reel on the take-up reel 


hub. 


2. Wrap a length of tape or cord around the center 
of the empty tape reel hub so that the free end comes 
off the top right. Connect the spring scale to the free 
end of the tape. 


3. Pull the scale to the right, so that the reel will 
turn in a clockwise direction, and note the steady 
state reading. If the scale does not indicate 7 pounds 
adjust the spring screw (figs. TIP-5 and TIP-8) as 


_given in step 3 of Upper Brake adjustment, 


Vacuum Guide Lead Screw Protrusion. With the con- 
trol panel GUIDE POSITION switch in the MAN- 
UAL position, and the GUIDE POSITION control 
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set to zero measure the distance between the rounded- 
end of the lead screw and the opposite side of the 
headwheel panel rectangular cutout (on the tape 
transport panel), This distance should be 4.75 inches; 
if this measurement is not obtained follow the pro- 
cedures as outlined in the following paragraph, 


Coarse and vernier adjustments are available for 
aiding in setting the lead screw for zero position of 
the manual control. The coarse adjustment is accom- 
plished by removing the two socket-head screws hold- 
ing the split-nut (figs. TTP-11 and TTP-12) to the 
positioner casting, and then rotating the nut one or 
more full turns with respect to the lead screw. Each 
turn changes the screw protrusion by 1/24 of an inch 
which is approximately 6/10 of one division on the 
manual control scale and represents the movement of 
the vacuum guide in thousandths of an inch, The fine 
or vetnier adjustment is accomplished by rotating the 
potentiometer with respect to its mount. To free the 
potentiometer for making this adjustment loosen the 
three screws holding the clamping ring. A full turn 
of the potentiometer is equivalent to slightly more 
than one revolution of the split nut. 


Vacuum Guide Lead Screw Backlash, Screw backlash 
is controlled by the split-nut (figs, TTP-11 and TTP- 
12). To adjust turn the adjusting screw in the split 
nut, Access to this screw is gained by removing the 
headwheel panel. Optimum adjustment will have the 
nut as tight as possible without causing sticking or 
binding to occur. Be sure that the lead screw and split 
nut are lubricated before adjusting. 


Vacuum Guide Motor Gears, The amount of backlash 
between gears is not critical. However, the best accu- 
racy of the manual control, backlash should be kept 
within reasonable limits. One of the gears is mounted 
directly on the output shaft of the motor (fig. TTP- 
11), Adjustment is accomplished by adjusting the 
motor location, The motor to potentiometer coupling 
will compensate for any shaft misalignment caused by 
this adjustment. After making the adjustment, rotate 
the gears through one complete revolution to make 
sure that the gears do not bind. 


Vacuum Guide Friction Damper. This adjustment is 
not normally required. To remove the friction damper 
(fig. TTP-11) from the system, tighten the locknut 
until it is flush with the screw. 


NOTE: The friction damper is eliminated on tape 
recorders having serial numbers 1401 and up. 


Cleaning 

Air Guides. With a normal air pressure of 3.5 to 
4.5 pounds-per-square inch there should be air escap- 
ing from all of the air holes on the three air guides 
(fig. TTP-1). To insure the free flow of air the holes 
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should be cleaned weekly with the tool supplied 
(item 15 of accessory kit MI-40769). To clean the 
air holes proceed as follows: 

1, Remove the tape from the tape transport panel. 

2. Tie the lower tension arm back to keep the brake 
switch from operating, and place the recorder in the 
PLAY mode, 

3. Insert the narrow-end of the cleaning tool into 
the air holes, The cleaning tool loosens the dirt and 
dust, and it is blown out through the holes when the 
tool is removed, 


Air and Vacuum Relief Valves. These two relief 
valves (see Sg, TIP 2 and fig, AP, unit 509) should 
be removed, disassembled, and cleaned with a solvent 
such as Chlorethene or Freon TF at least once every 
six months, After cleaning, teassemble and install the 
valves in their proper location, Adjust the relief 
valves as outlined under Adjustments page TTP-4, 


Air Filter and Muffler 

“With the air pump (unit 509) stopped, remove 
the filter and muffler jars (fig. TTP-2) and empty out 
the entrapped solids, Remove the filter elements and 
wash them in a solvent such as Freon TF, alcohol, or 
Chlorothene, When the filter elements are clean cad 
dry replace » them carefully, 


Lubrication 

Certain components of the tape transport panel 
have to be lubricated periodically. The lubricants to 
be used are MI-40769-5 (oil) stock No. 219749 and 
MI-40769-6 (grease) stock No, 204085; these com- 
ponents are listed in the following table. 


Part Replacement Procedure 

Reel Motor Assembly, The reel motor is supplied 
with the reel hub pinned in place (including spider 
with pawls attached), and with sufficient shims to 
meet the 0.604 +0.010 inch dimension as shown in 
figure TTP-6, To remove the reel motor assembly 
proceed as follows: 


1. Cover the units in the base of rack #2, below 
the reel motors, to protect them from any foreign 
particles that may happen to fall upon them while 
removing the motor assembly. 


2. Disconnect the motor wires from the terminal 
board, located on the back of the brake assembly, and 
label them. 


3. Remove the two bottom motor screws (use a 
7/32” hex socket wrench) holding the motor to the 
tape transport panel. 


CAUTION: Care must be exercised in re- 
moving the two bottom screws. If the wrench 
slips, the glass air-dash pot may be broken. 


4, Support the weight of the reel motor with one 
hand, and remove the two top motor screws. 


5. Remove the complete reel-motor assembly by 
withdrawing the hub through the tape transport 
panel. 


6. Install the new reel motor assembly by reversing 
the above procedure. When installing the new assem- 
bly use the shims supplied to obtain the 0.604 inch 
dimension as shown in figure TTP-6. 


ae 


Slotm brake lever 
Slot in hub pawls 


*Hub Knob—(internally threaded bushing and threaded shaft). Remove hub 


MI-40769-6 
MI-40769-6 
MI-40769-6 


6 Months 
6 Months 
6 Months 


knob as outlined under Pawl and Spider Assembly on page TTP-10, 


Tension arm shaft (from front of panel and under washer from rear of 


panel) 
Pinch Roller Arm Shaft (from rear of panel) 
Pinch Roller Arm Link Pins (two) 
**Vacuum Guide Positioner, Motor 
Vacuum Guide Positioner Lead Screw and Split Nut 
Vacuum Guide Lead Screw Bearing 


Reel Motor Shaft and (under hub knob). Remove the hub inst as outlined 


under Pawl and Spider Assembly page TTP-10. 


MI-40769-5 6 Months 
MI-40769-5 
MI-40769-5 
MI-40769-5 
MI-40769-6 
MI-40769-5 
M1-40769-5 


Counter—(Remove counter as outlined under Counter Replacement page 


TIP-12.) 
a. Worm wheel 
b. Spur gear 
c. Drive shaft (both ends) 
d. Reset shaft (both ends) 


MI-40769-6 
MI-40769-6 
MI-40769-5 
MI-40769-5 


® * Keep oil and grease off the boson abies and the gotten it contacts on n the ‘hub } leneks 


erat 
w* Apply four drops of lubricant to each section of the motor; it is only necessary to apply oil to one hole of each motor 


section, If excess seepage occuts, reduce the quantity of oil. 
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Figure TTP-5. Lower Reel Motor and Brake Assembly [Take-up Reel] 
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Figure TTP-6. Reel Motor and Hub Mounted on the Tape Transport Panel 
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Pawl and Spider Assembly. The pawl and spider 
assembly (fig. TTP-7) consists of the three pawls 
connected to a spider and three loose roll pins for 
connecting it to the hub. To disassemble the hub 
proceed as follows: 

1, Remove thé plug button by inserting a small 
screwdriver blade between the plug button and the 
inner rim of the hub, and prying it off. 

2. Remove the brake washer assembly by extracting 
the socket-head screw in the center of the hub. 


CAUTION: Do not lose the lockwasher 
behind the brake washer assembly, 


3. Remove the hub knob by turning it in a clock- 
wise direction, 

4, The threaded shaft may be removed from the 
hub knob, if desired, by extracting the four flat-head 
screws. 

5. Remove the three 0.094 inch diameter roll pins 
which hold the pawls to the spider. To do this it is 
necessary to drive out the roll pin with a drift pin 
having a diameter of 5/64 or 1/16 of an inch. 


CAUTION: When removing the roll pins 
care must be exercised to prevent breaking of 
the hub shell, and most important do not 
submit the motor shaft to excessive shock as 
it may cause the shaft to bend. 
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Figure TTP-7. Reel 


6. Remove the retaining ring on the motor shaft. 
To remove the ring use a pair of retaining ring pliers 
such as “Waldes Tru-arc” pliers #2 size. When the 
retaining ring is removed the pawl and spider assem- 
bly and the internally threaded bushing will slip out 
of the hub. 


7. Assemble the new pawl and spider assembly to 
the internally threaded bushing using the shoulder 
screws and rubber washers, and assemble it to the 
hub and motor shaft, 


8. Replace the retaining ring on the motor shaft. 
9. Insert the roll pins, removed in step 5, through 


the hole in the pawl and hub. Observe the caution 
note below step 5, when pressing in the pins. 


10. Replace the threaded shaft if it was removed 
in step 4, 

11. Replace the hub knob and, turn it in a courter- 
clockwise direction. 

12. Replace the lock washer, brake washer, and 
socket-head screw that was removed in step 2. (The 
lock washer goes between the brake washer and the 
end of the shaft.) 

13. Replace the plug button that was removed in 
step 1. 
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Brake Band. When replacing a worn or defective 
brake band (fig. TTP-8) be sure the correct replace- 
ment is installed. (The top brake band is stock num- 
ber 218675 and the bottom brake band is stock 
number 218674.) To replace the brake band proceed 
as follows: 


1. Remove the back plate by removing the six 114 
inch long cross-recessed screws. 


ee 
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2. Remove the washer from the center of the 
pin holding the brake band to the lever arm, and then 
remove the pin. 


3. Remove the two socket-head screws, flat washers, 
and lockwashers that hold the end of the brake band 
and then lift out the brake band. 


NOTE: The circular brake shield may be lifted off 
to facilitate removal. 


4, Install the new brake band. 
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5. Replace the pin and “c” washer holding one end 
of the brake band to the lever arm. 


6. Replace the circular brake shield on its pins. 


7. Replace the two screws and washers that were 
removed in step 3. 


8. Adjust the brake band. To adjust the brake band 
apply 24 volts dc to the brake solenoid by connecting 
TB1-5 or TB2-5 to ground (depending upon which 
brake lining is being replaced). Adjust the end of the 
brake band with the slotted holes, so that, the band 
rides out against the circular shield and does not 
touch the brake drum at any point. To determine this 
retate the shaft; the shaft should rotate and coast to 
a free stop. Tighten the screws holding the brake 
band, and remove the ground connection when the 
adjustment is complete. 


9. Replace the back plate that was removed in 
step 1, 
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Figure TTP-8. Cuf Away View of Reel Motor Showing the Brake Band 
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Brake Solenoid (L1 and 2). To replace either brake 
solenoid (fig. TTP-2) proceed as follows: 


1. Remove the leads of the defective solenoid from 
its appropriate terminal board (TB2 for L1 and TBi 
for L2). 


2. Note the orientation of the arm (figs. TTP-5 and 
TTP-8) on the defective solenoid. 


NOTE: The replacement solenoid is supplied less 
arm and roll pin. 


3. Remove the arm from the defective solenoid by 
driving the roll pin out of the hole with a drift pin. 


4. Place the arm assembly on the shaft of the 
replacement solenoid in the same position it occupied 
on the old solenoid. When the hole in the solenoid 
shaft is aligned with the hole in the arm assembly 
slightly tighten the set screw, in the end of the arm 
assembly, sufficiently to hold the parts in alignment. 


5. Support the underside of the arm assembly and 
gently tap the spring pin through the aligned holes 
until the spring pin is flush with both sides of the 
arm. Tighten the set screw securely. 


6. Mount the new solenoid on the back plate and 
secure it with the two hex-nuts and lockwashers that 
were removed in step 3. 


7. Connect the solenoid wires to the terminal board 
(refer to figure TTP-16). 


8. Adjust the brake lining as described under 
“Brake Band,” page TTP-11. 


9. Adjust the braking force as described under 
“Brake Adjustment,” page TTP-7, 


Air Dash-Pot (Upper and Lower Tension Arms), To 
replace the air dash-pots on the tension arms proceed 
as follows: 


1. Remove the screw holding the plunger wire to 
the connecting link, 


2. Remove the two socket-head screws holding the 
air dash-pot and bracket to the rear of the tap trans- 
port panel, and remove the assembly. 


3, Remove the air dash-pot from its bracket by 
removing the four socket-head screws, lock washers, 
and nuts. 


4. Connect the new air dash-pot to the bracket 
using the four screws, lock washers, and nuts that 
were removed in step 3. 


5. Check the adjustment of the air dash-pot by 
pulling on the plunger wire, With the plunger at the 
bottom of the cylinder some resistance to the pulling 
should be felt. If no resistance is felt, turn the center 
screw in a clockwise direction (while looking down 


on the screw) at the same time checking the dampen- 
ing effect on the plunger (maximum dampening is 
the usual setting). 


6. Remount the air dash-pot bracket on the tape 
transport panel using the socket-head screws that were 
removed in step 2. 


7. Replace the screw and washer that holds the 
plunger wire to the connecting link, that was removed 
in step 1, but thread the screw only enough to hold 
it in the hole, The tension arm should be at rest 
against its stop, on the front of the tape transport 
panel, when no tape is threaded. Bend the plunget 
wire around the screw (as it was on the original dash- 
pot) at a point which holds the plunger 1/32 of an 
inch from the bottom of the cylinder, Tighten the 
screw on the plunger wire. 


Vacuum Guide Dash-Pot, To replace the air dash-pot 
(fig. TTP-12) on the vacuum guide solenoid (14) 
proceed as follows: 


1. Remove the headwheel panel. 


2. Remove the screw, flat washer, and lockwasher 
holding the plunger wire to the connecting link on the 
solenoid. (This may be done through the headwheel 
panel opening.) 

3, Remove the two socket head screws, located on 
the rear of the tape transport panel, holding the dash- 
pot bracket assembly to the mounting plate of sole- 
noid L4, and remove the assembly. 


4, Replace the defective dash-pot on the bracket. 


5. Check the adjustment of the dash-pot by pulling 
on the plunger wire. With the plunger at the bottom 
of the cylinder some resistance to the pulling should 
be felt. If no resistance is felt, turn the center screw 
in a clockwise direction (while looking down on the 
screw) at the same time checking the dampening 
effect on the plunger (maximum dampening is the 
usual setting). 


6. Remount the bracket assembly on the solenoid 
mounting plate. 


7. Replace the screw and washer that holds the 
plunger wire to the connecting link, that was removed 
in step 2, but thread the screw only enough to hold 
it in the hole. Bend the plunger wire around the 
screw, as it was on the defective dash pot, at a point 
which holds the plunger 1/32 of an inch from the 
bottom. of the cylinder when the solenoid is not ener- 
gized. When this adjustment has been made, tighten 
the screw on the plunger wire. 


Counter. To replace a defective counter or make re- 
pairs on the counter proceed as follows: 


1. From the rear of rack #2, (fig. TT'P-2), remove 
che four socket-head screws passing through the tape 
transport panel which hold the counter cover in place. 


2. Slide the indicator lamp out of its recess, 


3. Remove the four socket-head screws holding the 
counter assembly (fig, TTP-9) to the tape transport 
panel, and remove the counter assembly. 


4, The counter may be replaced by removing the 
four socket-head screws holding it to the casting, 
transfer the knob, gear, and light shield to the new 
counter, 


BALL BEARING 


WORM WHEEL~ © 
DRIVE SHAFT —s” 


COUNTER GEAR 


SUPPORT 
CASTING 


TTP-13 


5. Connect the new counter assembly to the casting 
with the four socket-head screws that were removed 
in step 4, 


6. Replace the counter assembly on the rear of the 
tape transport panel, using the four socket head screws 
that were removed in step 3, and adjust its position 
so that the worm and worm wheel mesh without 
binding. 

7. Replace the indicator lamp in its recess. 


8. Replace the counter cover using the four socket 
head screws that were removed in step 1, 


LIGHT SHIELD 


COUNTER 


DRIVE GEAR 


Figure TTP-9. Counter Assembly 


Counting Capstan Roller. To remove the counting 
capstan roller proceed as follows: 


1, Remove the counter assembly from the rear of 
the tape transport panel as outlined under “Counter”. 


NOTE: The counter assembly must be removed in 
order to gain access to the three socket-head screws 
holding the roller. 


2. Remove the three socket-head screws holding the 
counting capstan roller to the tape transport panel. 


3. Install the new roller, and reassemble by revers- 
ing steps 1 and 2 above. 


Bearing (Counting Capstan Roller), To replace the 
bearings in the counting capstan roller proceed as 
follows: 


1, Remove the counter roller as outlined in steps 1 
and 2 under “Counter”, 

2. Loosen the roller front cover by removing the 
three flat-head screws. 


3. Remove the worm gear, on the end of the shaft, 
by extracting the 5/64 inch diameter roll pin. Sup- 
port the shaft assembly to prevent damage to the 
worm gear or shaft, and use a 1/16 inch diameter 
drift pin to drive out the roll pin. 

4. Remove the worm gear. After removal of the 
worm gear the cover and shaft may be withdrawn 
through the bearing. The small bearing may be ex- 
tracted by removing the small-internal-retaining ring 
in the base of the support and pressing out the bear- 
ing. To extract the large bearing remove the small 
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external retaining ring on the support. Remove the 
roller from the support exposing the beatings and 
press out the bearings. 


NOTE: To facilitate the removal of the inner bear- 
ing the bottom plate should be removed. 


5. Press the large bearings into the roller until they 
touch the large internal retaining rings, and replace 
the bottom plate. 


6. Assemble the roller to the support, and replace 
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the small external retaining ring to hold the roller 
in place, 

7. Insert the cover and shaft through the center 
hole of the support, and replace the smail bearings 
and small internal retaining ring. 

8. Connect the worm gear to the shaft using the 
roll pin removed in step 3. After assembly, the count- 
ing capstan roller should turn freely, (Application of 
0.07 inch ounces of torque should cause the unit to 
turn.) 
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Figure TTP-10. 3G Capstan Pinch Roller ig. 


Capstan Motor. Te replace the capstan motor proceed 
as follows: 
1. Remove the motor wires from terminal board 


TB3 (terminals 1, 2, and 3). 


2. Remove the four socket-head screws holding the 
capstan motor to the rear of the tape transport panel. 


NOTE: Support the motor when removing the last 
two screws to prevent it from falling and bending 
the motor shaft or damaging the audio compart- 
ment below. 


3. Install the new motor and replace the four 
socket-head screws that were removed in step 2. 

4, Connect the motor wires to terminal board TB3 
(see figure TTP-16), 
Bearings (Capstan Pinch Roller), To replace the 
bearings in the capstan pinch roller proceed as 
follows: 


1. Remove the cover on the roller arm by extracting 
the cross recessed screw (fig. TTP-4) holding it. 


2. Remove the three socket head screws holding the 
roller arm to the roller. 


3. Remove the end cap (fig. TTP-10) on the out- 
side roller by prying it off with a small screwdriver. 


4. Remove the bowed external retaining ring on 
the shaft, and slide the roller and bearing off of the 
shaft. 


5. Remove the bowed external retaining ring on 
the opposite end of the shaft and remove the inside 
roller, 


6. Remove the internal retainer rings on each side 
of the bearing, and push out the bearing. 


7. Insert the new bearing into the roller, and re- 
place the internal retainer rings. Check the bearing 
for smooth operation. 


NOTE: The bowed retainer ring is mounted on 
the side away from the support arm on each roller 
and the flat retainer ring is mounted close to the 
support arm. 


8. Place one pinch roller on the shaft, and be sure 
that the spacer is in place between the arm bearing 
and the roller. Hold the roller in place with the 
bowed external retaining ring. 


9. Place the arm bearing on the shaft, and insert 
the roller, shaft, and arm bearing through the support 
and clamp the arm bearing. Allow about .047 inch 
of clearance between the arm and roller. 


CAUTION: When replacing the bearing in 
the arm do not tighten the socket-head screw 
too much as the bearing may become dis- 
torted in shape and bind on the shaft. 


10. Assemble the other spacer roller and retainer 
ring and check the entire assembly for smooth 
operation. 


11. Replace the end caps, remount the arm to the 
actuating shaft, and replace the cover. 


12. Check the pinch roller adjustment as outlined 
under “Pinch Roller Adjusiments,” page TTP-5. 


Capstan Solenoid. To replace the capstan solenoid pro- 
ceed as follows: 


1, Remove the two solenoid wires from terminal 
board TB3 (terminals 5 and 6). 


2. Loosen the two set screws holding the solenoid 
arm to the solenoid shaft (fig. TTP-4). 


3. Remove the four socket-head screws holding the 
solenoid bracket to the rcar of the tape transport 
panel, and remove the assembly. 


4, Remove the roll pin, holding the arm to the 
solenoid shaft; by driving it out with a suitable drift 
pin. (Support the shaft to prevent damage to the 
parts.) 


5. Loosen the set screw at the end of the arm, and 
remove the linkage assembly. 


6. Remove the two hex nuts and lock washers hold- 
ing the solenoid to the bracket, and remove the 
solenoid. 


7. Install the new solenoid on the bracket assembly 
in the same position as the old one. (The solenoid 
leads should be on the right side when looking at 
the rear of the solenoid opposite the shaft end.) 
Secure the solenoid with the lockwashers and nuts 
removed in step 6. 


8. Place the linkage assembly on the solenoid shaft 
and align the hole in the arm with the hole in the 
solenoid shaft. When the holes are aligned, slightly 
tighten the set screw sufficiently to hold the parts 
in alignment, Insert the roll pin into the aligned 
holes. While supporting the underside of the link tap 
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the roll pin into the aligned holes until it is flush on 
both top and bottom. Tighten the set screw securely. 


9. Replace the bracket assembly, and secure it with 
the socket-head screws that were removed in step 3. 


10. Connect the pivot arm to the pivot shaft, and 
tighten the two set screws securely. 


11, Connect the solenoid leads to terminal board 
TB3, refer to the schematic diagram figure TTP-16. 


12. Readjust as outlined under “Pinch Roller Ad- 
justment” on page TTP-5. 


Vacuum Guide Positioner Motor. When removing or 
replacing -the positioner motor mark the position of 
the motor shaft and potentiometer so that they can 
be kept in their correct rotational positions. To re- 
place the motor proceed as follows (fig. TTP-11). 


1. Remove the four servo motor leads from ter- 
minal board TB6 (see schematic diagram figure 
TTP-16). 

2. Remove the two screws, located on the rear of 


the motor that hold the motor to the assembly frame 
and then remove the motor and gear assembly. 


NOTE: The nylon portion of the potentiometer 
to motor coupling is a loose piece and will fall out 
when either the potentiometer or the motor is 
removed, 

3. Loosen the two set-screws in the large gear, and 


remove the gear. 


4. Install the gear assembly on the new motor so 
that there is a 13/32 inch space between the motor 
and gear face. Tighten the two set screws. 


5. Install the new motor in the same position, on 
the assembly frame, that the old one occupied; be 
sure that the nylon coupling insert is engaged in the 
proper slots. Replace and tighten the two screws that 
hold the motor to the frame that were removed in 
step 2. 


NOTE: There should be 0.015 to 0.020 of an inch 
axial play between the nylon insert and the collar 
portion of the coupling. 


6. Connect the motor leads to the terminal board 
TB6, see figure TTP-16. 


NOTE: The cable hole on the motor should be 
toward the rear of the tape transport rack, 


Lead Screw Shaft. To replace the lead shaft proceed 
as follows: 

1. Loosen the two socket-head set screws in the 
driven gear, refer to figure TTP-11. 


2. Unscrew the shaft from the split nut and with- 
draw it through the bearing. 
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3. Install the mew lead screw shaft through the 
bearing and gear, and screw it into the split nut. 


4, Roughly adjust the shaft to obtain a dimension 
of 0.38 of an inch between the rounded face of lead 
screw and the face of the split nut, refer to figure 
TTP-11. When this dimension is obtained the faces 
of the gears must be flush within 0.03 of an inch. 
Tighten the set screws in the gear and be sure that 
they engage the flats on the shaft. The wiper arm of 
the potentiometer should be midway in its travel 
within 20° (1.75 turns from the end), 


5. Make the final adjustment as outlined under 
“Lead Screw Protrusion,” page TTP-7. 


Vacuum Guide Potentiometer. To replace the 3!/, turn 
vacuum guide potentiometer proceed as follows: 


1. Remove the complete vacuum guide motor assem- 
bly (fig. TTP-11) by removing the four socket-head 
screws holding it to the tape transport panel. If neces- 
sary remove the wires going to terminal board TB6-6. 


2. Unsolder the three potentiometer leads. 


3. Remove the three screws holding the retainer 
collar, and then remove the collar and potentiometer. 
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CAUTION: When removing the poten- 
tiometer be careful not to lose the nylon 
coupling insert, 


4. Remove the coupling from the defective poten- 
tiometer by loosening the two set screws. 


5. Install the coupling bushing on the shaft of the 
replacement potentiometer, and tighten the set screws. 


6. Install the replacement potentiometer with the 
nylon insert in place. 


7. Install the retaining collar, and tighten it 
slightly. 
NOTE: There should be 0.015 to 0.020 of an inch 


axial play between the nylon insert and the coupling 
bushing when it is installed in the assembly. 


8. Connect the three leads of the potentiometer to 
terminal board TB6, refer to figure TTP-16. 


9. Roughly adjust the potentiometer and lead screw 
as outlined under step 4 of “Lead Screw Shaft,” page 
TTP-16. 


10. Mount the assembly on the tape transport panel 
and adjust as outlined under “Adjustments” page 
TTP-7. 
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Figure TTP-11. Vacuum Guide Positioner 
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Figure TTP-12. Vacuum Guide Positioner—Side View 
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2. Remove the socket-head screw holding the 
new solenoid 
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Figure TTP-14. Vacuum Guide Solenoid Mounting Dimensions 


Headwheel Panel Mounting Bushings. The headwheel 
panel mounting bushings require accurate positioning 
to insure easy installation and removal of the head- 
wheel panel. These bushings also locate the head- 
wheel with respect to the tape (see figs. TTP-12, 
TTP-13, and TTP-14). 


When replacing a bushing it is important that the 
0.625 inch dimension as shown in figure TTP-13 be 
obtained. The bushing may be adjusted by loosening 
the lock-nut and turning the slotted end of the bush- 
ing with a screw driver. The measurement must be 
taken with the lock-nut tight, and may be made by 
laying a straight edge across the headwheel panel 
opening so that it rests against the 14 inch thick tape 
transport panel and not the 1/16 inch thick decora- 
tive plate. Measure the distance from the tape trans- 
port panel to the cap of the bushing. 


If the mounting plates (upper or lower) are re- 
moved, the plates must be reorientated so that the 
dimensions shown in figure TTP-14 are obtained for 
both the headwheel panel mounting bushings and 
connectors. 


NOTE: A headwheel panel may be used as a guide, 
and to check the position of the bushing. 


Connectors J1 and J2. If the video pre-amplifier or 
the mounting plate for connector J1 are moved for 
any reason, the connectors J1 and J2 should be re- 
positioned according to the dimensions given in fig- 
ure TTP-13 to insure easy insertion and removable of 
the headwheel panel. 
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Audio Post Assembly (Erase, Rec/Play, and Simul.). 
To replace a defective audio post assembly proceed as 
follows: 


1. Remove the dust cover on the front of the tape 
transport panel. 

2. Remove the cover from the terminal box on the 
rear of the tape transport panel. 

3. Disconnect the wires of the head assembly to be 
changed, refer to figure TTP-16. 


4, Remove the four socket head screws at the base 
of the audio post to be changed and withdraw the 
leads through the panel, 


CAUTION: Protect the surface of the heads 
and the highly polished support bar in the 
center from accidental damage while han- 
dling, 


5. Install the new audio post assembly and replace 
the four socket-head screws and shims (if they are 
used) at the base of the post assembly, refer to figure 
TTP-15. 


NOTE: The Rec/Play and Play (Simul.) head 
assemblies have shims 0.005 of an inch thick under 
the two rear screws. These shims tilt the posts 
slightly to control the tape position. The top assem- 
bly (Erase) does not require these shims, 


6. Connect the wires to the appropriate terminal 
board, refer to figure TTP-16. 


7. Replace the dust cover (front) and terminal 
box cover (rear), 
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Figure TTP-15. Audio Heads 
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LIST OF PARTS 


BL, B2 


C1, C3 
CR1, CR2 


Ll 
L2 


B3 
CR3 


L3 


Reel Motor and Brake Assembly 

Reel Motor and Hub: upper and lower (Hub includes 
Spider and Pawl assembly) 

Capacitor: paper, 10 wf +10%, 600 v 

Diode: contact protector 


221331 


18501 
221595 


9901968 
8981614-123 


8721882-502 
8721882-501 
8439049-1 


218675 
218674 
218681 


Band: brake, for top reel brake 
Band: brake, for bottom reel brake 
Drum: brake 


221594 
209681 
206058 
223859 


990331-195 
990331-147 
746017-22 


Pin: roll, hub holding 

Pin: roll, arm to solenoid Ll and L2 

Ring: rubber, “0” ring 

Spider & Pawl Assembly, Reel Holding (including 
3 roll pins for attaching to hub) 


218668 8439092-1 Spring: brake band lever tension 

218673 8957182-2 Spring: pawl return 

222092 8439045-1 Solenoid: rotary, lower brake 

222093 8439045-2 Solenoid: rotary, upper brake 

218672 8976584-1 Washer: thrust, hub to motor spacing 
221522 8511432-501 Washer Assembly: reel hub braking 

221523 8958293-10 Washer: shim .010 thk. (Reel Motor Shim) 
221524 8958293 -11 Washer: shim, .020 thk. (Reel Motor Shim) 


Capstan Motor Assembly 


Motor: capstan drive, 115 v 60 cycle 
Diode: contact protector 
Flywheel: capstan 


218537 
221699 
218688 


8720037-1 
8981614-130 
8439051-1 


Vacuum Guide Positioner Assembly 


Motor: servo, vacuum guide positioner 


218693 8435817-2 


221595 8981614-123 |Diode: contact protector 

219771 8461486-501 Kit: guide solenoid with slotted coupling and shims 
218695 8441378-1 Potentometer: multi-turn: wire wound, 500 shm +5% 
221293 8978020-1 Coupling: slotted, vacuum guide solenoid 

221298 8980178-1 Bushing: link (solenoid L4) 

218699 8980074-1 Coupling: insulated 

217196 8951320-1 Dashpot: air 

218694 8441377-501 |Gear: drive gear assembly 

218697 8980062-2 Gear: spur, driven 

218698 8980065-1 Nut: split 

218700 8980075-1 Shaft: vacuum guide positioning 


Pinch Roller and Arm Assembly 


Arm: pinch roller solenoid 
Bearing: pinch roller arm bearing assembly 


218677 
218665 


8979083-501 
8976538-501 


218541 8976566-3 Bearing: ball, pinch roller 

221296 8979719-1 Cap: pinch roller arm holding cap 

221291 8976541-1 Link: pinch roller arm link, threaded 3/8-32 
221290 8976540-1 Link: solenoid arm link 

221292 8976569-1 Pin: arm link 

255328 990331-167 Pin: roll, L3 and link assembly 

218667 8439042-501 Roller: pinch (2 req’d. ) 

218666 8976534-1 Shaft: pinch roller arm shaft 

222094 8439017-1 Solenoid: rotary, pinch roller 


218669 8439092-2 


pinch roller link spring 


Spring: 
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PU4, PU7 


PUS, PU8 


218540 
223432 
219501 
218676 
203877 


218687 
218686 
218696 
221294 
217196 


221295 


221233 
221234 
218381 
218380 
218522 
218521 
218837 
218372 
218659 
221698 


221297 


218540 
219629 
219502 
219503 


218663 


219479 
219480 


219090 
221878 
221879 


221877 


218922 
218923 
95481 

221288 
221289 


219498 
219499 
219500 
218671 


8976566-2 
8976566-7 
8439014-502 
8976570-1 
8976558-1 


8989698-501 
8439089-2 
8979011-1 
8979034-1 
8951320-1 
8979038-501 


8980064-1 


8979052-2 
8979052-1 


8980148-1 
8979709-1 
8979717-2 
8979717-3 


8979770-3 


8976566-2 
8725824-1 
8983841-2 
8983842-1 
480351-58 
990158-12 
8976559-2 


8980086-1 
8441382-1 


8956862-501 
8611628- 506 
8611628-507 
8611628-505 


8924416-304 
8431148-1 
8980181-1 
727537-1 
727537~-96 
8958293-8 


8441334- 504 
8441334-505 
8441334-506 
8438361-1 


Roller, Tape Guide and Counter Roller Assy. 


Bearing: ball, small 
Bearing: ball, large 
Roller: counter roller only 
Shaft: roller 

Worm: roller shaft 


Tape Tension Arm 


Rod: tension arm 

Shaft: tape tension arm shaft 
Spring: tension arm 

Stop: rubber, tension arm 


‘Dashpot: air 


Housing: power spring 

Air Pressure and Vacuum System 

Filter: air 
Cup: glass filter cup (Pt. of 8980064-1) 
Filter: filter element only (Pt. of 8980064-1) 

Gauge: pressure 

Gauge: vacuum 

Jar: glass (for filter or muffler) 

Muffler: outlet only (less glass jar) 

Valve: pressure relief 

Valve: vacuum relief 

Gasket: lg. rubber, 2” 0.D, x 1.5” I.D. x .38” thk. 

Gasket: sm. rubber, 1.00” 0O.D. x .38” I.D. x .38” 

thk. 

Tubing: “tygon" 4"I,D, x 3/8%0,D. x 38%” lg. 

Counter 

Bearing: ball, counter drive shaft 

Counter: minutes and seconds 

Gear: counter drive 

Gear: counter end 

Holder: lamp 

Lamp: #47 

Worm Wheel: counter drive shaft 


Headwheel Panel Cover Assembly 


Spring: torsion 
Window: plastic 


Audio and Master Erase Heads 


Head: master erase 

Not Used 

Magnetic Head Post Assembly: (audio Erase) included 
heads PU3,PU6 

Magnetic Head Post Assembly (audio Rec/Play) in- 
cludes heads PU4,PU7 

Magnetic Head Post Assembly (audio Sim Play) in- 
cludes heads PU5,PU8 

Capacitor: mica, 560 puf +5%, 500 v 

Transformer: erase 

Cap: master, erase 

Catch: spring, audio-head compartment 

Stud: latch, audio-head compartment 


Washer: shim, for heads PU4,PU5, PU7,PU8 


Air Guides 


Guide: air, mounted below PU1 

Guide: air, mounted above PU] 

Guide: air, mounted below magnetic head compartment 
Guide: tape, mounted in magnetic head compartment 
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Miscellaneous: 

213667 8813284-1 Actuator: microswitch 

220121 89838 52-501 Bushing Assembly: head wheel panel mtg. 
C6, C7 18501 990196-8 Capacitor: paper, 10 wf +10%, 600 v 
C8 to C10 17047 990196-6 Capacitor: paper, 6 wf +10%, 600 v 
Jl 223072 8464649-1 Connector: female, 11 contact chassis mtg. 

204085 891997-51 Grease: (2 oz. tube) 

219749 8983851-1 Oil: (1 pint) 

221299 89838 50-1 Plunger: spring (HW panel) 

59 586 460569-4 Switch: micro S,P.D.T. 
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DESCRIPTION 


The Headwheel Panel Assembly (figure HWP-1) 
is a separate removable panel that is attached to the 
tape transport panel (unit 200) by three captive 
thumb screws. The principle parts of this assembly 
are: headwheel, headwheel motor, brush and slip- 
ting assembly, control-track head, tonewheel, tone- 
wheel head, and vacuum guide assembly. 


The transverse recording and playing back of video 
signals is performed by the headwheel panel assembly. 
The headwheel motor is a 3-phase, hysteresis synchro- 
nous type running at a nominal speed of 240 revolu- 
tions per-second (14,400 rpm). It is surrounded by a 
shroud that serves as a magnetic shield, and a duct 
for cooling the motor and cleaning the air around the 
headwheel. The cooling air is drawn in at the head- 
wheel, and exhausted through the mounting plate 
to the headwheel blower. 


The headwheel is a non-magnetic wheel with four 
equally spaced heads mounted in it; it has an approxi- 
mate diameter of 2.0642 inches. When new, the poles 
of the heads have a protrusion of approximately 0.003 
of an inch. ‘the headwheel and magnetic head assem- 
blies are the most precise parts of the equipment. To 
facilitate the recording or playing back of interchang- 
able recordings, the quadrature of the heads in the 
wheel is set to plus or minus 15 seconds of arc; this 
is equivalent to 0.05 microsecond of time with the 
headwheel rotating at 240 rps. In addition the tape 
recorder provides an adjustable electrical delay so that 
the final headwheel quadrature accuracy can be set 
to plus or minus 0.01 microsecond. 


The tonewheel and pickup head are located at the 
top of the headwheel motor, The tonewheel is 
mounted on the motor shaft, and consists of a steel 
disc with a notch in the periphery; the notch in the 
tonewheel interrupts the flux path of the pickup head 
on each revolution. This interruption produces a 240 
cycle pulse that is compared with a fixed reference 
pulse providing an error signal to control the 
headwheel motor speed. 


The vacuum guide is a solid block of non-magnetic 
material that has an inner radius of approximately 
1.0329 inches. It has three slots cut into it, the center 
slot provides clearance for the pole tip protrusion and 
the two outside slots have a vacuum applied to them 
to hold the tape against the vacuum guide and shape 
it. The vacuum guide is mounted on an arm that is 
pivoted near the top of the headwheel panel and is 
supported on the bottom by two adjustable pads that 
are used to position the guide perpendicular to the 
panel. The guide arm is held against the panel and 
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the eccentric shaft by the release arm, The motion 
of the eccentric shaft brings the tape into contact 
with the headwheel. The eccentric shaft is moved by 
the vacuum guide solenoid located on the rear of the 
tape transport panel. The solenoid coupling engages 
the pin on the eccentric shaft and when energized 
rotates the eccentric shaft until the arm stops against 
the drive screw of the vacuum guide servo motor 
assembly. The position of the drive screw determines 
the amount of headwheel penetration. 


Mounted on the bottom of the vacuum guide is the 
control track head. In the record mode, this head 
records a control track on the tape. When in the play 
mode the control track head picks up this signal, and 
it is used by the capstan servo system to provide 
proper tracking between the video heads and the 
recorded information. 


The slip ring and brush assembly at the bottom end 
of the motor shaft is used to couple the fm signals 
to and fram the video heads, 


LOCATING: 
BUSHINGS 


Figure HWP-2. Installation of Headwheel Panel 


INSTALLATION 


Unpacking 

The headwheel panel is shipped in a carrying case 
equipped with a shock mount support. It should be 
kept in this carrying case at all times except when in 
actual use. To remove the headwheel panel from its 
carrying case proceed as follows: 
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1. Loosen the three captive knurled screws by turn- 
ing in a counterclockwise direction. 


2. Grasp the headwheel panel by the motor shield 
with the left hand and lift it out of the carrying case. 


Installation in Tape Recorder 

To install the headwheel panel in the TRT Tele- 
vision Tape Recorder see figure HWP-2 and proceed 
as follows: 


1, Remove the headwheel panel cover, 


2. Grasp the headwheel panel by the motor air 
shield and insert it into the tape transport panel cut- 
out with the brush and slip-ring assembly at the bot- 
tom and the tonewheel at the top. The vacuum guide 
actuating shaft, and the pins of plugs P1 and P2 
should fit into their respective counterpart on the tape 
transport panel. 


3. Tighten the captive knurled thumb screws 
securely while pushing in on the headwheel panel. 
The two reference buttons on the left-hand side of 
the headwheel panel are pressed against the side 
of the tape transport panel cutout, and the reference 
button at the bottom of the headwheel panel touches 
the bottom of the cutout on the tape transport panel. 


NOTE: Make sure that the headwheel is held 
firmly against the locating bushing on the tape 
transport panel by the three captive thumb screws. 


4. Replace the headwheel panel cover. 


5. Record the reading on the control panel HEAD 
HOURS indicator before placing it in operation, 


Removing Headwheel Panel 


To remove the headwheel panel from the tape 
transport panel reverse the procedure as given under 
“Installation in Tape Recorder,” and be sure to record 
the reading on the HEAD HOURS indicator. 


Return Authorization Form 

Included in the carrying case in a form entitled 
“RETURN AUTHORIZATION,” which should be 
properly filled out before returning the headwheel 
panel. 


OPERATION 


Cleaning 

The headwheel panel should be cleaned every day 
ptior to commencing operation or before each record- 
ing if conditions warrant. Dirty tape and dust in the 
room are two causes for the accumulation of dirt on 
the tape guides, resulting in scratches or incorrect 
pressure due to the piling up of oxide and dirt in the 
vacuum guide. This condition can be niinimized by 


keeping the protective covers on both the headwheel 
panel and the audio heads. Clean the headwheel panel 
with a lint-free cloth or tissue dampened with a 
solvent such as Freon TF.* 


Other solvents such as chlorothene, inhibisol, or 
pure grain alcohol may also be used. 


WARNING 


DO NOT BLOW ON THE HEADWHEEL 
TO CLEAN IT, FOR THIS MAY DRIVE 
DIRT INTO THE BALL BEARINGS. ALL 
SOLVENTS EXCEPT “FREON TF” MUST 
BE KEPT OFF OF THE TAPE. 


To clean the headwheel panel proceed as follows: 
1. Remove the tape from the tape transport panel. 


2. Remove the headwheel panel protective cover 
by loosening the captive screws at the bottom and top 
of the protective cover, and pull the cover away from 
the tape transport panel. 


3. Open the vacuum guide by pressing the vacuum 
guide release lever to the right and at the same time 
pushing the vacuum guide to the left until it pivots 
upward. 


4, Clean the headwheel rim and video heads with a 
lint-free cloth or tissue dampened with solvent. 


5. Clean the vacuum guide by wiping the tape sup- 
porting surfaces with a lint-free cloth or tissue 
dampened with solvent. Stubborn accumulations of 
oxide may be scraped away using a wooden tooth- 
pick, Care should be taken to protect the tape sup- 
porting surfaces from scratches, Make sure that the 
vacuum passages in the guide are clear. 


6. Clean the control track head by wiping with a 
lint-free cloth or tissue. 


7, Clean the inclined plane on the vacuum guide 
arm, and the roller on the release lever. 


8. Clean the eccentric shaft roller, and the head of 
the range adjustment hex-head cap screw. 


Alignment 

The making of interchangeable video tapes using 
this headwheel panel depends in part on the accurate 
positioning of the vacuum guide of the headwheel 
panel. Several adjustments may be necessary before 
commencing operation. The adjustments to be made 


* Freon TF is a commercial solvent manufactured by the 
E. I, DuPont De Nemours & Co. (Inc.), Wilmington, 
Delaware; it can be purchased from the John B, Moore 
Corp., Peerles Building, P. O. Box #3, Nutley, N. J. or 
other authorized re-packers. 


are: (1) Scallop Adjustment (placing the vacuum 
guide in the correct position perpendicular to the 
panel); (2) Jog Adjustment (penetration or align- 
ment parallel to the panel); (3) Head current optim- 
ization; (4) Quadrature Adjustment. 


Errors in the vacuum guide position are determined 
by using an RCA Alignment Tape (MI-40771-B) 
which is recorded under optimum conditions. Play- 
back of this tape under conditions other than 
optimum will show up as time displacements in the 
reproduced picture. These visible deviations can be 
separated into three basic errors: (1) errors perpen- 
dicular to the headwheel panel called “scallops” 
(refer to figure HWP-3A); (2) errors in pressure 
called “jogs” (refer to figure HWP-4A); (3) errors 
in time delay called quadrature errors (refer to figure 
HWP-5). Combinations of these three errors usually 
occur. 


Equipment Required —Both the vacuum guide 
penetration and quadrature adjustments require the 
following wrenches: 

1. 1/4-inch open-end wrench (MI-40769, Item 7) 
for jog adjustment. 


Figure HWP-3A. Scallops in Bar Pattern; 
Vacuum Guide Too Far in 
{Turn Screw Clockwise to Correct] 
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2. 1/8-inch socket wrench (MI-40769, Item 8) for 
jog adjustment. 

3. 3/32-inch socket wrench (MI1-40769, Item 9) for 
scallop adjustment. 

Concentricity Adjustment—The first adjustment to 
be made, when installing a headwheel panel, is the 
removable of scallops or bows in the picture (as viewed 
on the picture monitor). The procedure to be used is 
as follows: 


1. Install the standard alignment tape (MI- 
40771B), on the recorder. 


CAUTION: Do not put the tape recorder 
in the SETUP or RECORD mode of opera- 
tion while the alignment tape is threaded 
since portions of the test tape may be erased. 


2. Put the GUIDE POSITION switch in AUTO- 
MATIC and place the tape recorder in the PLAY 
mode by pushing the PLAY button. Press the 2 X 1 
OUT button on the OSCILLOSCOPE switch and 
adjust the CONTROL TRACK PHASE knob for 
maximum output. Then press the LINE OUT button 
on the MONITOR switch and observe the picture 
monitor. 


Figure HWP-3B. Socket Head 
Adjusting Screw Adjustment 
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Figure HWP-4B. Locking Cap Serew 
for Head Penetration Adjustment 


Figure HWP-4A,. Jogs in Bar Pattern 
Caused by Insufficient Head Penetration 


(Move Wrench UP to Correct] 
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Figure HWP-5. Quadrature Errors in Bar Pattern 


NOTE: If the vacuum guide is out of its penetra- 
tion range (jogs in the picture) a rough adjustment 
of the hex-head range screw should be made by fol- 
lowing the procedure as outlined in steps 3 and 4 
of ‘Penetration Adjustment.” ; 

3. Insert a 3/32-inch socket wrench (MI-40769, 
Item 9) into the socket-head adjusting screw (figure 
HWP-3B). The adjusting screw is located on the 
front of the headwheel panel to the left of the vacuum 
guide and arm. If the scallops are concave to the 
right, turn the socket-head adjusting screw in a 
counterclockwise direction until the scallops dis- 
appear. If the scallops are concave to the left, turn 
the adjusting screw in a clockwise direction until 
they disappear. 


Penetration Adjustment—After the vacuum guide 
is adjusted to remove scallops the penetration is to 
be set as follows: 


1. Place the control panel GUIDE POSITION 
switch (AUTOMATIC—MANDAL) in the MAN- 
UAL position. 

CAUTION; Do not put the tape recorder 
in the SETUP or RECORD mode of opera- 
tion while the alignment tape is threaded 
since portions may be erased. 


2. Set the GUIDE POSITION control to “0” on 
the scale. 


3. Install the standard alignment tape (MI-40771B). 


WARNING 


THE FOLLOWING ADJUSTMENTS RE- 
QUIRE TOOLS TO BE PLACED NEAR 
THE ROTATING HEADWHEEL. CARE 
SHOULD BE TAKEN TO PREVENT 
DAMAGE TO THE WHEEL, BY HAV- 
ING THE PLASTIC SHIELD IN PLACE. 


4. Loosen the locking cap screw, located in the 
right-hand corner of the vacuum guide, with the 1/8- 
inch socket wrench (MI-40769, Item 8). 


(A 9/64-inch socket wrench is required on some 
headwheel panels.) 


5, Adjust the vacuum guide for satisfactory play- 
back (no jogs) by rotating the hex-head screw, located 
above socket-head cap screw loosened in step 4 above, 
using a 1/4-inch open-end wrench (MI-40769, 
Item 7). 


NOTE: To facilitate this adjustment make sure 
that the playback delay lines are adjusted to give 
approximately correct quadrature as outlined under 
“Quadrature Adjustment.” 
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6. Check the operation of the-vacuum guide. This 
is accomplished by opening and closing the vacuum 
guide several times by pressing the control panel 
PLAY button, and after the vacuum guide closes 
press the control panel STOP button to insure an 
accurate setting. 


7. Tighten the socket-head cap screw loosened in 
step 4. 


Quadrature Adjustments—Errors in quadrature ad- 
justment are compensated for by electronic delay lines 
in the record delay amplifier and the playback delay 
amplifier. To adjust these delay lines refer to the 
section of the Operation Manual entitled, “Head 
Quadrature Adjustment” or to the instruction book 
on the particular unit. 


Head Current Optimization 

To obtain optimum results during recording, the 
record currents must be adjusted by turning the four 
GAIN controls on the record amplifier until each of 
the four heads in the headwheel just saturates the tape 
when a normal input signal is applied, The following 
two procedures, one for monochrome and the other 
for color, permit the determination of these optimum 
record currents for a particular headwheel panel. Since 
the optimum currents change with wear, and the 
heads wear unequally, the procedure will have to be 
repeated whenever the following indications are 
obtained: 


1. Poor signal-to-noise ratio. 
2. Bands of unequal contrast. 


3. Bands of varying hue on color recordings (par- 
ticularly red and green in yellow areas). 


Monochrome 

1, Apply a video signal containing a large area of 
peak white to the input of the tape recorder (e.g., 
monoscope, slide test pattern, color bars with a split 
field 100% white bar, etc.). 


2. Thread a tape on the tape transport panel and 
set the tape time indicator to zero. 


3. Connect the microphone to the MIC IN jack on 
the audio panel (unit 204), and set the MIC INPUT 
SEL switch in the AUDIO“ position. 


4. Press the control panel SETUP button and check 
the recorder for proper adjustment before recording. 
(e.g., input level, modulation deviation, headwheel 
servo lock, etc. A complete procedure is given in the 
Operations Manual.) 


5. Press the control panel RECORD button. 


6. Set the record amplifier GAJN-1 control to 
zero, speak into the microphone and announce the 
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channel number and control position. (“This is 
channel No. 1 at zero.”) 


7. Successively advance the control from one num- 
ber to the next. Stop at each position momentarily 
and announce the control position into the micro- 
phone, Continue this procedure until position 10 is 
reached and then repeat the procedure in the reverse 
direction until the control is back at zero. (e.g., 1, 2, 
3, 4, 5, 6, 7, 8, 9, 10, 9, 8, 7, 6, 5, 4, 3, 2, 1, 0.) 

8, Return the GAIN-1 control to its mid range 
position. 

9. Repeat the procedure given in steps 13, 14, and 
15 for channels 2, 3, and 4; then rewind the tape to 
beginning of test recording. 


10. Press the control panel PLAY button. 


11. Adjust the control panel CONTROL TRACK 
PHASE control until the information that was 
recorded by head number 1 is played back by head 
number 1, This can be checked by observing the 2 X 1 
OUT on the C.R.O. monitor, When playing back 
the segment of tape where channel #1 current is 
varied, observe that this corresponds to the channel 
that loses gain when the channel 1 shorting button ts 
pushed on the equalizer. 


12. Set the equalizer H.F, COMP. controls to a 
position between 2 and 3 on the scale, and the 2 x | 
switcher H, FREQ. COMP. control to position 5. 


13. Observe the output of the 2 X 1 switcher on 
the oscilloscope. While watching the changing pat- 
tern listen to the audio playback to identify, in turn, 
the setting of each of the four gain controls that 
produces maximum r-f output. The maximum r-f level 
remains stationary over a narrow range of record 
currents, The correct current setting is the one that 
just produces the maximum level. In other words, 
when the current is slightly above the knee of the 
curve, 

14, Set the record amplifier controls labeled 
GAIN-1, -2, -3, -4, to the optimum positions deter- 
mined in step 13. 

15. After setting the record amplifier gain controls, 
record several minutes of the test signal, Observe the 
control panel RECORD CURRENT meter and, for 
future reference, write down the four current read- 
ings corresponding to the optimum gain settings. 


16. Rewind the tape to the start of the last record- 
ing and play back the material recorded in step 15. 


17. On the cro/monitor switch press the OSCIL- 
LOSCOPE button 2 X 1 OUT, and adjust the play- 
back delay amplifier GAIN CHAN-1, CHAN-2, 
CHAN-3, and CHAN-4 controls for equal signal 
amplitude. 


18. While observing the output of the 2 X 1 
switcher on the cro waveform monitor adjust the 
tonewheel amplifier DELAY 960 control to eliminate 
any gaps in the head switching. (This may also be 
done while watching LINE OUT on the picture moni- 
tor. The switching gaps appear as white lines in 
the picture.) 


Color 
1. Repeat steps 1 through 18 of the monochrome 
optimization procedure. 


2. Apply a color bar test signal, having a split field 
with a 100% white bar, to the video input of the 
tape recorder, and record 3 minutes of tape. 


3. Rewind the tape and play back this recorded 
segment of tape. 


4. Press the LINE OUT button on the color moni- 
tor switcher. 


5. Observe the presentation on the color monitor, 
and adjust the four-channel equalizer H.F. COMP. 
CH-1, CH-2, CH-3, and CH-4 controls to eliminate 
bands in the red bar. (The hue of the bar between 
channels should be identical.) 


6. During the test playback, if a particular band 
in the yellow bar appears greenish, increase the record 
current for that particular head by turning the corre- 
sponding channel GAIN control on the record ampli- 
fier in a clockwise direction by about one-half of a 
division. If a band in the yellow bar appears to be 
orange, decrease the record current for that particular 
head by turning the control counterclockwise for 
about one-half of a division, Then make another test 
recording, play it back, equalize each channel as in 
step 5, and, if required again adjust the record cur- 
rents to correct orange and green banding in the 
yellow bar, Repeat this procedure until all bands in 
the yellow bar match. 


7. Write down the final record currents for future 
reference, 

8. Observe the demodulator output on the cro 
monitor and adjust the 2 x 1 equalizer H.F. COMP, 
control for normal chroma amplitude. 


MAINTENANCE 


Degaussing 

The four video heads of the headwheel should be 
degaussed (demagnetized) if necessary. To degauss 
the heads, energize the head demagnetizer coil 
(MI-40769, Item 1) and bring the coil near the head- 
wheel and slowly remove it, while the tonewheel 


disc by hand. 


Pole Tip Protrusion Measurement 

To measure the pole tip protrusion, the dial indica- 
tor and mount is used (MI-40769, Item 2), It is advis- 
able to make this measurement with the headwheel 
panel in its carrying case. If it is made with the head- 
wheel panel installed in the tape transport, the 24 
volt power supply switch should be placed in the 
off position to prevent operation of the headwheel 
motor while the dial indicator is mounted on the 
panel as it will damage the video heads. The proce- 
dure is as follows: 


1. Clean the four heads and headwheel rim. 


2. Mount the dial indicator as shown in figure 
HWP-6; by removing the lower right hand knurled 
mounting screw and inserting the dial indicator 
mounting screw. Make sure that the headwheel is 
turned so that the indicator contact point touches 
the headwheel rim and not the heads. The dial indi- 
cator range is 0.025 of an inch, and the indicator 
should be positioned touching the headwheel rim so 
that the contact point can be raised approximately 
.020 of an inch to clear the video heads, Tighten the 
dial indicator mounting screw. 


3, Push the dial indicator lifter arm, thereby lifting 
the contact point away from the headwheel and 


5 CONTACT POINT 
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holding it in this position, and rotate the headwheel 
until a point midway between heads number 1 and 2 
is under contact point. This point is called the tip 
protrusion reference point. Lower the contact point 
carefully by releasing the lifter arm until the contact 
point touches the headwheel rim. 


4, Tap the headwheel panel lightly until the dial 
indicator establishes a firm contact. 


5. Loosen the dial locking knob on the dial indi- 
cator, and rotate the dial until the pointer reading is 
zero (0). Tighten the locking knob. 


6. Push the dial indicator lifter arm until the con- 
tact point is lifted away from the headwheel, and 
rotate the headwheel until the required video head 
is under the contact point. 


7. Gently move the lifter arm until the contact 
point rests on the pole tip; tap the headwheel panel 
lightly until a firm setting is obtained. 


8. Gently rotate the headwheel back and forth 
through a small arc until a maximum reading is 
obtained. Record this reading. 


9. Repeat the procedure for the other three video 
heads. 


Figure HWP-6. Dial Indicator Mounted on Headwheel Panel 
{Headwheel Panel Should be in its Carrying Case for this Measurement) 
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Figure VP-1. Video 


TECHNICAL DATA 


Power Required 


6.3-volts ac filament voltage from playback amplifier 
(unit 109) 


24 volts de from 24 volt power supply (unit 507) 


Tube and Diode Complement 
Tubes: 4— 5842 
Diodes: 2— 1N34A 


DESCRIPTION 


The video preamplifier (unit 203) is mounted on 
the tape transport panel (unit 200), directly behind 


Preamplifier, Tube Side 


the headwheel panel, and is enclosed in a removable 
metallic shield. Figures VP-1 and VP-3 show tube 
and wiring sides of the preamplifier with the 
shield removed. 


The primary purpose of the preamplifier is to 
provide initial amplification of signal currents derived 
from the four video heads during the PLAY mode 
of operation before they are fed to the playback 
amplifier (unit 109). In the RECORD mode, a relay 
mounted on the chassis is energized allowing the 
four inputs from the record amplifier (unit 104) to 
be applied directly to the individual video heads. 
Additional circuitry is provided on the preamplifier 
chassis to rectify the total head current before it is 
fed to the VIDEO METER SEL switch on the control 
panel (unit 305). 


VP-2 


Circuit 

In the PLAY mode of operation the four indi- 
vidual head currents are fed to the preamplifier at 
input jack J3, (Refer to schematic diagram, figure 
VP-4.) Each signal is applied to an independent half- 
stage of cascode amplification. The output of each 
amplifier is fed to the second half-stage of amplifica- 
tion on the playback amplifier. Cascode amplifiers 
are used in this application to insure high gain with 
a minimum noise level and to provide a low 
impedance input to the playback amplifier, where 
it is more convenient to amplify the signal, Extensive 
use of shielding and special circuit design are utilized 
to provide a high signal-to-noise ratio. 


In the RECORD mode of operation, 24 volts dc 
is applied to relay K1 through plug P2. Energizing 
K1 removes the preamplifier from the circuit and 
allows the four input signals from the record 
amplifier (unit 104) to be fed to the individual 
video heads. 


Test point TP1 is provided for convenience in 
monitoring the total head current (figure VP-2). A 
rectifier circuit, including diodes CR1 and CR2, 
rectifies the total head current before it is fed to the 
VIDEO METER SEL switch on the control panel. 


To gain access to relay K1 or circuit components 
for circuit checking purposes, remove the smetallic 


Figure VP-2. Total Head Current at TPIT 


cover which is held in place by four thumb screws. 
(The cover must always be in place while operating 
the tape recorder so that the required shielding 
is provided.) 

The preamplifier may be detached from the tape 
transport panel for ease in replacing the relay or 
circuit components. To detach the unit, remove the 
headwheel panel and loosen the three small allen- 
head capscrews which fasten the unit to the tape 
transport panel. It is necessary to hold the unit from 
the rear of the rack when the capscrews are removed. 


LIST OF PARTS 


212301 


PREAMPLIFIER ASSEMBLY (8974418-502) 4 


CAPACITORS: 

Cl to C4 8811182-5 Ceramic, 10,000 wuf +100 -20%, 450 v 
C5 to C100 Not Used 
C101A/B 218128 8971848-10 Ceramic, 0.005/0.005 wf +80 -20%, 150 v 
C102 205117 737818-335 Paper, 0.22 wf +10%, 100 v 
C103 to C200 Not Used 
C201A/B 218128 8971848-10 Ceramic, 0.005/0.005 wf +80 -20%, 150 v 
C202 205117 737818-335 Paper, 0.22 wf +10%, 100 v 
C203 to C300 Not Used 
C301A/B 218128 8971848-10 Ceramic, 0.005/0.005 wf +80 -20%, 150 v 
C302 205117 737818-335 Paper, 0.22 wf 410%, 100 v 
C303 to C400 Not Used 
C401A/B 218128 8971848-10 Ceramic, 0.005/0.005 wf +86 -20%, 150 v 
C402 205117 737818-335 Paper,. 0.22 wf +10%, 100 v 
CR1, CR2 59395 Diode: type 1N34A 

51800 255223-2 Connector: coax, chassis mtg. 

Not Used 

205331 8980016-1 Connector: female, 5 contact 
J4 to J100 Not Used 
J101,J102 51800 255223-2 Connector: coax, chassis mtg. 
J103 to J200 Not Used 
J201,J202 51800 255223-2 Connector: coax, chassis mtg. 
J202 to J300 Not Used 
J301,J3302 51800 255223-2 Connector: coax, chassis mtg. 
J303 to J400 Not Used 
J401,J402 51800 255223-2 Connector: coax, chassis mtg. 
Kl 218949 470678-10 Relay: 24 v, D.C.,SPDT, complete with 4 maicro- 

Switches 


Microswitch only for Relay Kl 
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P2 
P3 to P100 
P101 


P102 
P103 
P201 


to P200 


P202 
P203 
P301 


to P300 


P302 
P303 
P401 


P402 


R3 to R100 
R101 
R102 
R103 
R201 
R202 
R203 to R300 
R301 
R302 
R303 
R401 
R402 
TPL 
XV101 
XV102 to XV200 
XV201 
XV202 to XV300 
XV301 
XV302 to XV400 
XV401 
V101,V201, 
V301,V401 


to R200 


to R400 


215661 
54246 
58978 
215661 
54246 


215661 
54246 


215661 
54246 


215661 
54246 


215410 


209626 


209626 


209626 


209626 
208983 
94926 
949 26 
94926 
949 26 


219435 


223112 


252868-1 
893648-2 
727969-6 
252868-1 
893648-2 


252868-1 
893648-2 


252868-1 
893648-2 


252868-1 
893648-2 


82283-159 
990733-101 


82283-86 
990730-130 


82283-86 
990730- 130 


82283-86 
990730-130 


82283-86 
990730-130 
8825493-7 
737870-14 
737870-14 
737870-14 


737870-14 


8980161-501 


Connector: 
Adapter: 
Connector: 
Not Used 
Connector: coax 
Adapter: solder typ 
See miscellaneous 
Not Used 

Connector: coax 
Adapter: solder typ 
See miscellaneous 
Not Used 

Connector: coax 
Adapter: solder typ 
See miscellaneous 
Not Used 

Connector: coax 
Adapter: solder typ 
See miscellaneous 


coax 
solder typ 
male, 8 


RESISTORS: 


€ 


contact 


e 


e 


e 


e 


Fixed, Composition ~ Unless otherwise specified 


1000 ohm +5%, ’%w 
Film, 10 ohm +£1%, 1 
Not Used 

100,000 ohm +10%, 
Film, 20 ohm +1%, 
Not Used 

100,000 ohm +10%, 
Film, 20 ohm +1%, } 
Not Used 

100,000 ohm +10%, 4 
Film, 20 ohm 11%, 
Not Used 

100,000 ohm +10%, 
Film, 20 ohm +1%, 
Jack: tip, yellow 
Socket: tube, 9 pin 
Not Used 
Socket: 
Not Used 
Socket: 
Not Used 
Socket: 


tube, 9 pin 


tube, 9 pin 
tube, 9 pin 
Tube: ericsson type 


Miscellaneous: 
Cable Assembly comp] 


Ww 


Ww 
w 


9842 


ete, unstenciled, 


1043102 
1045202 
1043302 
1043402 


(Low capacity) 

Includes coax connectors for the following 

attachments; 
203J102 - 
2033202 - 
2033302 
2033402 
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Figure VP-3. Video Preamplifier, Wiring Side 
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Figure APL-1. Audio Panel 


TECHNICAL DATA 


Voltage Required 


Relays: 24 volts de, from 24 volt supply (unit 507) 
controlled by contro] panel (unit 305) 
Flasher: 24 volts dc, from 24 volt supply (unit 507) 


Selecter Switches 


Meter Switch: S1 selects voltages of audio and cue 
channels (see Schematic Diagram, fig- 
ure APL-4) 


MIC Input Switch: S2 selects audio or cue (local use) 


Microphone Attenuator 
Variable balanced ladder, 0 to 40 db 


Microphone Input 


Receptacle provided for local microphone 


Relay Complement 


2 Telephone Type; 8 pole-double throw, 250 ohm coil 
4 Telephone Type; 4 pole-double throw, 600 ohm coil 


Indicating Lamps 
(used in conjunction with $2 above) 
2 GE #327 


High-Pass Filter 


300 cycles to 10 KC (cue channel) limits crosstalk 
from adjacent control track channel 


DESCRIPTION 


The Audio Panel (see figure APL-1) which is lo- 
cated in rack 2, is a junction panel which consists 
primarily of a metering circuit and relays used in 
conjunction with audio and cue channel operations. 
The panel has a voltmeter for monitoring tube volt- 
ages of the audio and cue units; also a MIC IN 
receptacle, MIC attenuator, and a MIC INPUT SEL 
switch for local microphone use. 


The audio panel has three functions in the tape 
recorder system. It houses the relays (see figure 
APL-3) which transfer the audio and cue channel 
signals when operating back and forth between play- 
back and record (see Audio system schematic figure 
APL-5. The audio panel also permits the local use of 
a microphone for recording either audio or cue infor- 
mation on the tape. Finally it facilitates checking the 
voltages of the tubes in the audio and cue channels. 


Filter for Cue Channel 

A high-pass filter, T-1, is mounted behind the audio 
panel (see figure APL-2). The filter is connected 
between the cue playback preamplifier (unit 205G) 
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and the cue line amplifier (unit 206A) to rapidly 
attenuate the cue channel response below 300 cycles. 
This limits the crosstalk from the adjacent control 
track which otherwise would produce a 240-cycle 
signal in the cue channel output. 


Relay Sequence Operation 

Relays K1, K2, and K3 are in the audio channel; 
and relays K4, K5 and KG are used in the cue chan- 
nel, These relays determine the signal paths of the 
audio and cue signals when switching between the 
various Record modes (master, audio or cue record) 
and the Play mode. 


The following explanation will refer mostly to the 
audio channel since the Operational sequence of K4, 
K5, and K6 in the cue channel, is the same as K1, K2, 
and K3 respectively in the audio channel, Whenever 
a difference occurs in the audio and cue relay opera- 
tion, it shall be noted. Moreover, the references to 
the audio channel units apply also to the similar units 
in the cue channel for cue operation. 


Reference should be made to the schematic diagram, 
figure APL-4, during the following explanation. 


Relay K1 is a muting relay. When switching back 
and forth between RECORD and PLAY, K1 opetates 
first in a sequence involving relays K2 and K3, to 
mute the input to the playback line amplifier. While 
telay K1 is energized thus muting the signal, K2 
operates a fraction of a second later to transfer the 
head in the record and playback circuits, Thus, the 
“pop” from the relay transferring the signal is not 
transmitted to the outgoing audio line. As soon as 
the head transfer has been completed, the muting 
relay is released. 


When changing from PLAY to RECORD, relay 
K3 is simultaneously actuated with K2. This enables 
K3 to supply B+ voltage to the audio record ampli- 
fier unit 205B, and the oscillator chassis unit 205C; 
also, this operation switches the VU meter from the 
playback circuit to the record circuit. 


When going back to STOP or PLAY from record, 
the above action is reversed. Muting by K1 is always 
the first operation of the sequence in either direction. 
However, when going from Play to Stop, there is no 
operation of the relays because the relays (K1 through 
K3) are always in the condition for Play and only 
operate during transition to or from any record mode. 


In the Play mode, the two windings in the Audio 
Rec/Play head are connected in series, and the signal 
is fed directly to the input of the playback preampli- 
fier unit 205-A (function of K2). The audio simul- 
taneous play head is disconnected from all circuits 


APL-4 


when the machine is in this mode; and because there 
is no B+ voltage on the oscillator, the erase head is 
inoperative so as not to erase any previously recorded 
information. 


In the RECORD mode, the two windings of the 
record head are switched by relay K2 in such a man- 
ner as to place one winding across the output of the 
record amplifier and the other winding across C2. 
This capacitor, C2, located on the audio panel, is 
used to adjust the bias voltage of the heads. Refer to 
the Maintenance section of the Audio Systems section 
for adjustment. Simultaneously with the switching of 
the record heads (in RECORD) the simultaneous play 
head is connected to the input of the audio playback 
amplifier (unit 205A). 


NOTE: There is no simultaneous play, head in the 
cue channel; however, all other operations for 
the cue channel, are exactly the same as for the 
audio channel. 


Microphone Input 

For local use, a microphone is connected to the 
MIC IN receptacle, J7, on the front panel. The 
signal is fed out of the audio panel through J8, 
to the microphone preamplifier (unit 205H) return- 
ing to the audio panel through jack J9 pins y and c. 
Upon entering through J9, the signal is fed to a MIC 
attenuator which is a 40 db variable balanced ladder 
attenuator for controlling the level of the incoming 
audio/cue information which is to be recorded. 


The MIC INPUT SEL switch (normally off) con- 
nects the microphone to either the audio or cue 


recording channel while disconnecting the appro- 
priate program line. One of the two red lights will 
flash indicating to which channel the microphone is 
connected. Note however, the incoming program line 
(audio or cue) is cut off when the MIC INPUT SEL 
switch is set to the AUDIO or CUE position. 


CAUTION: Make certain to return the 
MIC INPUT SEL switch to the OFF posi- 
tion when local recording is completed, so 
that the incoming program line will be 
reconnected to the record amplifier. 


Metering 


The dc voltmeter (M1) and the METER SEL switch 
are used for monitoring tube voltages in the audio 
and cue channels. The METER SEL switch is rotated 
to indicate the unit within the channel to be checked. 
A standard reading of 1.0 volt should be read for 
each position. When no voltage readings are desired, 
the switch can be set to the OFF position, 


MAINTENANCE 


The only routine maintenance to be performed 
on the audio panel is periodic cleaning of relay con- 
tacts with a burnishing tool. If any relay becomes 
inoperative, check for 24 volts coming to the relay in 
the RECORD mode. If the proper voltage is present 
and the relay does not operate, inspect it for physical 
damage; also check the coil for continuity. If a relay 
needs to be replaced, refer to the List of Parts for 
the necessary data. 
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Figure APL-2. Audio Panel, Top View 
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LIST OF PARTS APL-7 


AUD 10 PANEL (8974473-503) 
8439047-1 


ATI 218256 Attenuator: 600/600 ohms 


CAPACITORS: 


C1A, C1B 102914 458557-16 Electrolytic, 50/50 °,f, 50 v 
C2 102240 8901210-6 Variable, 50/380 pf 
C3A, C3B 59924 458557-27 Electrolytic, 100/100 wf, 50 v 


Not Used 


C5 217061 990421-106 Paper, 0.47 nf +10%, 100 v 
Not Used 

C7 102240 8901210-6 Variable, 50/380 uf 
Not Used 
Not Used 


C10 217061 990421-106 Paper, 0.47 uf +10%, 100 v 

Cll 219118 990786-275 Plastic, 0.1 pf +10%, 200 v 

DS1, DS2 207238 8890654-2 Lamp: indicator, 28 v 

FL1 218257 8439055-1 Filter: high pass 

Jl 219526 8983883-1 Connector: female, 3 contact 

J2 219527 8983883-2 Connector: female, 4 contact 

J3 219528 8983883-3 Connector: female, 6 contact 

J4 219526 898388 3-1 Connector: female, 3 contact 

J5 219528 8983883-3 Connector: female, 6 contact 

J6 219296 474827-51 Connector: male, 24 contact 

J7 213288 8720082-1 Connector: female, 3 contact 

J8 219294 8720082-2 Connector: male, 3 contact 

J9,J10 219295 474827-50 Connector: male, 34 contact 

Kl 218259 8872259-28 Relay: 24 v D.C., 4 form 'C” contacts 
K2 218258 8872259-20 Relay: 24 v D.C., 8 form ‘‘C” contacts 
K3,K4 218259 8872259-28 Relay: 24 v D.C., 4 form ‘*C” contacts 
K5 218258 8872259-20 Relay: 24 v D.C., 8 form '*C” contacts 
K6 218259 8872259-28 Relay: 24 vy D.C., 4 form “*C” contacts 
Ml 218260 484363-8 Meter: 0-3 v D.C. 

Pl 219562 8983883-10 Connector: male, 3 contact 

P2 219563 898 3883-1 Connector: male, 4 contact 

P3 219564 8983883-12 Connector: male, 6 contact 

P4 219562 898 3883-10 Connector: male, 3 contact 

P5 219564 8983883-12 Connector: male, 6 contact 

P6 219530 474827-53 Connector: female, 24 contact 

P7 219532 8720082-3 Connector: male 3 contact 

P8 52806A | 8720082-6 Connector: female, 3 contact 

P9,P10 219531 4748 27-62 Connector: female, 34 contact 


RESISTORS: 
Fixed, Composition - Unless Otherwise Specified 
620 ohm +5%, % w 

100 ohm +5%, 1 w 

Not Used 

1000 ohm +10%, 1 w 


82283-154 
90496-135 


90496-62 


82283-74 10,000 ohm +10%, ’%w 
82283-154 620 ohm +5%, %w 
90496-135 100 ohm +5%, 1 w 
90496-62 1000 ohm +10%, 1 w 
82283-154 620 ohm +5%, 4% w 


82283-68 3300 ohm +10%, % w 


Not Used 


82283-74 10,000 ohm +10%, % w 

90496 -46 47 ohm +10%, 1 w 

82283-154 620 ohm £5%, % w 
Sl 218261 8439064-1 Switch: rotary, 2 sece, 12 position 
o2 218262 8439062-1 Switch: rotary, 4 sec, 3 position 
$3 218263 8978063-1 Switch: flasher, SPST 28 v 


XDS1, XDS2 8943520-83 Socket: lamp 
210554 Socket only 
217205 Jewel only 

XS1, XS2 Not Used 

XS3 94926 737870-14 Socket: for S3 


Miscellaneous: 
Knob: for ATI, Sl, S2 


30075 712336-507 
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Figure APL-4. Schematic Diagram, Audio Panel 
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Figure APB-!l—Audio Playback Preamplifier 
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TECHNICAL DATA 


Power Required 


Plate: 285 volts dc, 10 ma 
(from BX-21A Power Supply, Unit 206C) 


Heater: V1, 6.3 volts, 0.35 amps dc from Unit 510, 
6 volt dc supply 
V2, 6.3 volts, 0.3 amps ac from Unit 206C, 
BX-21A Power Supply 


Input 


High impedance input connected to magnetic head 


Load Impedance 
600 ohms balanced: at Unit 205D, Audio Line 
Amplifier 


600 ohms: at 300 cycle high pass filter in Audio Panel, 
unit 204 


Maximum Input Level 
—22 dbm 


DESCRIPTION 


The Playback Preamplifier (see figure APB-1) is 
used to amplify an input audio frequency signal, from 
a playback head, to drive a line amplifier. Two identical 
playback preamplifiers are used in the tape recorder, 
one for the audio channel (unit 205A) and the other 
for the cue channel (unit 205G). Besides the playback 
function, the audio preamplifier obtains a signal, in 
the record mode, from the simultaneous audio head 
for monitoring purposes. 


The playback preamplifiers (audio and cue) are 
plug-in mounted on audio shelf unit 205. 


Circuit 

The playback preamplifiers (see schematic, figure 
APB-3) contains an input amplifier (V1A) a phase 
splitter (V1B) and a push-pull output stage (V2). 
The input signal is fed single-ended from pins 1 and 2 
of Plug P1, 


The plate circuit of V1A contains r-c filtering which 
affects the frequency response curve. Jn the audio play- 
back preamplifier, R19 is in series with the parallel 
combination of capacitors C17 and C8. Capacitor C17 
is placed in parallel with C8 by a jumper between pins 
10 and 3 on J1 (the connector at the rear of the shelf). 
This connection is not made for the cue preamplifier 
so R19 is in series with C8 only. These connections 
provide a different response for the audio and cue 
channels. The audio channel response conforms to the 


Gain 
19 db +2 db, Audio channel 
33 db +2 db, Cue channel 


Frequency Response 


Audio: see Audio System section 
Cue: see Audio System section 


Hum and Noise Level 


—70 dbm maximum 


Tube Metering Voltage 
1.0 volt £0.15 volt 


Mounting 
Plug-in to Audio Shelf, Unit 205 


Tube Complement 


1 RCA 6072 
1 RCA 12AY7 


standard NAB audio playback curve. See the section on 
Audio Systems for curves of playback response. 


The audio output is fed thru T1, which provides the 
proper match for a 600 ohm load. The audio output 
feeds the BA-23 Line Amplifier, while the cue output 
goes to the 300 cycle cue filter before going to the 
BA21 amplifier. 


Metering switch $1 makes it possible to obtain a 
relative indication of tube performance by monitoring 
the voltage across a resistor in each cathode circuit (see 
Maintenance). 


A voltage of 6.3 volts dc is supplied to the filaments 
of V1 (6072) by the dc filament supply unit 510. The 
ac filament voltages for V2 and all plate supply volt- 
ages come from the BX-21A power supply unit 206C. 


MAINTENANCE 


NOTE: The audio and cue playback preamplifters 
are identical, therefore they are directly inter- 
changeable. One may be substituted for the other 
at any time. 


Tube Metering 

To obtain a relative indication of tube performance 
in either the audio or cue playback preamplifiers, 
rotate the meter SEL switch on the audio junction 
panel (unit 204) to the AUDIO PLAY or CUE PLAY 
position. Rotate METERING switch on the corres- 
ponding unit to each of its three positions (V1A, V1B, 
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V2) and note panel meter reading. The normal read- 
ing is one (1) volt. Variations exceeding 0.15 volt 
indicate a departure from normal tube characteristics 
which may be caused by defect or aging. 


Replacement of Components on Printed 
Circuit Board 


If it becomes necessary to change components on the 
printed circuit board, cut the leads of the component 
being removed; but, leave enough of the old leads 
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attached to the board so that the replacement part may 
be soldered to them. Refer to figure APB-2 for com- 
ponent location. 


Voltage Readings 


The voltage chart in figure APB-3 lists typical tube- 
socket voltages with respect to ground, measured with 
a 20,000 ohms-per-volt meter. Values are approximate 
and may vary +10 because of normal component 
tolerances. 
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Figure APB-2—Audio Playback Preamplifier, Rear View 
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LIST OF PARTS 


[Symbotno [Stock No [ DravingNo [——____Deseripilon J 
PREAMPLIFIER - PLAYBACK (8974482-504) 


CAPACITORS: 
990786-371 film, 0.047 wf +10%, 400 v 
Not Used 
95695-52 Electrolytic, 30 wf -10 +50%, 350 v 
Not Used 
990786-362 Film, 0.0082 wf £10%, 400 v 
Not Used 
442901-148 Electrolytic, 50 wf ~10 +250%, 25 v 
C15, C16 Not Used 
C17 990786-370 Film, 0.039 pf +10%, 400 v 
Pl 205330 459622-1 Connector: male, 15 cont, chassis mtg. 


RESISfLORS: 

Pixed, Composition ~ Unless Otherwise Specified 
82283-169 2700 ohm +5%, %w 
90496-177 5600 ohm +5%, Iw 
82283-215 220,000 ohm +5%, % w 
82283-96 680,000 ohm +10%, % w 
82283-181 8200 ohm +5%, %w 
82283-208 110,000 ohm +5%, % w 
82283-167 2200 ohm +5%, ’w 
82283-208 110,000 ohm £5%, %w 
82283-96 680,000 ohm +10%, % w 
82283-137 120 ohm 5%, 4’w 
82283-145 270 ohm +5%, % w 

Not Used 
90496-169 2700 ohm +5%, 1 w 

Not Used 
82283-239 2.2 meg +5%, ’%’w 
82283-157 820 ohm +5%, %w 
8854922-2 Switch: metering 
949721-1 Transformer: output 

Tube: selected 12AY7 
737870-17 Socket: tube, 9 pin 


Miscellaneous: 
205327 8872221-18 Button: plug 
37396 65415-10 Grommet: plate mtg. 
205329 741622-501 Knob: for Sl 
28452 85558- 2 Plate: mounting for C5 
206512 8978013-504 | Printed Board: complete with components 
209283 8827557-5 Serew: shoulder for Pl 
56359 8858642-3 Shield: tube 
218170 486041-15 Terminal: insulated stand-off 


APB-6 


a 


APB-7, 8 


t) 
i 
pS Ain; @® 


R18 
2-2 MEG 


2700 5600 


VOLTAGE CHART 


Socket Pins 


ae |) ee 


Tube Vi 205 55 6.3 de 6.3 dc 160 3.4 0 
Tube V2 250 3.0 435 dc *35 dc 250 3.0 435 dc 
(approx) (approx) (approx) 


* 6,3 volts ac between pin 9 and either of pins 4 or 5. 
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Figure APB-3—Schematic Diagram, 
Audio Playback Preamplifier 


ELECTRONIC RECORDING PRODUCTS 


Audio/Cue Record Amplifier 


UNITS 205-B, 205-F 


RADIO CORPORATION OF AMERICA 


INDUSTRIAL ELECTRONIC PRODUCTS, CAMDEN, N. J. 


IB-31116 


ARA-2 


Figure ARA-1. Audio/Cue Record Amplifier 


TECHNICAL DATA 


Power Required (from BX-21A Power Supply, 
Unit 206-C) 

Plate: 285 volts dc, 10 ma 

Heater: 6.3 volts ac, 0.6 amperes 


Source Impedance 


600 ohm balanced or unbalanced 


Input Impedance 


Matching: Input transformer unloaded; input imped- 
ance higher than source impedance for all 
frequencies from 30 cps to 15,000 cps. 


Output Impedance 
Approximately 100 ohms 


Maximum Input Level 
—22 dbm +1 db 


Maximum Output Level 
+18 dbm 


Total RMS Harmonic Distortion 
(at +18 dbm output) 

0.75% rms at 30 cps 

0.50% rms from 50 to 15,000 eps 
Insertion Gain 

40 db £1 db at 1000 cps 


Feedback 
20 db at 1000 cps 


Frequency Response 


See Audio System Section 


Hum and Noise Level 
—70 dbm (max) 600 ohm load 


Tube Complement 


1 MI-11299 (selected 12AY7)* 
1 12AY7 


"The RCA selected 12AY7 (MI-11299) is inserted in the 
socket nearest the front panel (XV1). 


DESCRIPTION 


The Audio (or Cue) Record Amplifier (see figure 
ARA-1) is used to amplify an input audio signal 
which drives the audio (or cue) recording head. The 
tape recorder uses two identical record amplifiers; 
one in the acdio channel, unit 205-B, and the others 
in the cue channel, unit 205-F, to provide 40 db of 
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gain (at 1000 cps). These plug-in units are located 
on the audio shelf, unit 205, which is below the audio 
panel in rack 2. The input signal (audio or cue) to 
the record amplifier may originate from the input 
line or from a local microphone input. 


Circult 

The record amplifier (see schematic diagram, figure 
ARA-3) consists of an input amplifier, V1A, a phase 
splitter, V1B, and a push-pull output stage V2. Tube 
V1 is a 12AY7 selected for low noise. 


Input transformer T1 is connected for a source 
impedance of 600 ohms balanced or unbalanced. The 
RC network, R26 and C15, across the secondary, 
provides a small amount of low frequency boost. 


The two secondary windings of T2 are connected 
in series to provide the drive required for the record- 
ing head circuitry (which includes the bias oscillator 
secondary), A network consisting of R22, 15K, and 
C10, is in the high side of the secondary. Resistor R22, 
15K, provides the head with a constant current drive, 
Capacitor C10, 820 puf, is a bypass around R22 for 
the bias frequency; C10 also provides a slight amount 
of high frequency boost. 


The low side of transformer T2 (terminal 7) is 
brought out to pin 8 of Pl and then is returned to 
ground, pin 10, through a 10 ohm resistor, R21. 
Since the record head current passes through R21, 
this is a convenient place to measure the frequency 
response and the gain of the audio (cue) record 
system. Capacitor C11 (.01 uf) across the secondary 
provides a high frequency by-pass for the bias 
frequency. 

The high side of the secondary of T2 (terminal 
10) and the high side of the tertiary winding 
(terminal 4) are connected to pins 11 and 12 of P1. 
The output at these pins is fed to the VU meter switch 
on the control panel for monitoring the level of the 
audio (cue) record signal. 


The tertiary winding on T2 supplies negative feed- 
back (20 db at 1000 cps) through a resistance capaci- 
tance network (R13, R4, C4) to the cathode of VIA. 
The feedback improves frequency response, reduces 
harmonic distortion, and stabilizes the amplifier gain. 


Provision is made to obtain a relative indication 
of tube performance by monitoring the voltage across 
a resistor in each cathode circuit. METERING switch 
S1 selects the tube to be checked (see Maintenance). 


Plate and filament voltages are supplied to the unit 
by the BK-21A Power Sapply Cant 206-C) through 
plug Pl pins 14 and 15. 
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MAINTENANCE Replacement of Components on 
Printed Circuit Board 


If it becomes necessary to change components on 
are identical, one may be substituted for the other the printed circuit board, cut the leads of the compo- 
when trouble shooting the audio or cue channel, nent being removed, but leave enough of the old 
leads attached to the board so that the replacement 
part may be soldered to them. Refer to figure ARA-2 
for component location. 


NOTE: Since the audio and cue record amplifiers 


Tube Metering 


To obtain a relative indication of tube performance 
Frequency Response 


: The frequency response is covered in the Axdio 
on the audio junction panel (unit 204) to AUDIO or System section; the response includes the audio record 


CUE REC position. Rotate METERING switch, on amplifier, audio heads, bias secondary and other 
associated circuits. 


in either record amplifier, rotate METER SEL switch 


the corresponding record amplifier, to each of its 
three positions (VIA, V1B, V2) and note panel Voltage Readings 

The voltage chart in figure ARA-3 lists typical 
tube-socket voltages with respect to ground, measured 


with 20,000 ohms-per-volt meter. Values are approxi- 
normal tube characteristics which may be caused by mate and may vary +10% because of normal 


defect or aging. component tolerances. 


meter reading. The normal reading is one volt, Varia- 


tions exceeding 0.15 volt indicate a departure from 


LIST OF PARTS 


AMPLIFIER - RECORD (8974482-503) 
CAPACITORS: 


990786-371 film, 0.047 wf +10%, 400 v 
990786-265 film, 0.015 wf +10%, 200 v 
95695-52 electrolytic, 30 wf -10 +50%, 350 v 


Not Used 
mica, 820 pef +10%, 500 v, char ‘'D” 
paper, 0.01 wf +10%, 400 vy 


727863-145 
735715-163 


C12 to C14 Not Used 
C15 735715-165 paper, 0.015 wf +10%, 400 v 
Pl 205330 459622-1 Connector: male, 15 cont, chassis mtg. 


RESISTORS: 
Pixed, Composition - Unless Otherwise Specified 


82283-169 2700 ohm +5%, %w 
90496-177 5600 ohm +5%, lw 
82283-215 220,000 ohm +5%, %w 
82283- 96 680,000 ohm +10%, 4%w 
82283-181 8200 ohm +5%, %w 
82283-2008 110,000 ohm, +5%, ’4’w 
82283-167 2200 ohm +5%, %w 
82283-208 110,000 ohm +5%, % w 

R9, R10 82283-96 680,000 ohm +10%, % w 

Rll 82283-137 120 ohm +5%, %w 

R12 82283-145 270 ohm +5%, %w 

R13 82283-191 22,000 ohm +5%, %w 

R14 82283-211 150,000 ohm +5%, 4’w 

R15 90496-169 2700 ohm +5%, 1 w 

R16 to R20 Not Used 

R21 82283-1111 10 ohm +5%, 4%w 

R22 82283-187 15,000 ohm +5%, 4%w 


R23 to R25 Not Used 
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82283-207 100,000 ohm +5%, % w 
30155 8854922-2 Switch: metering 
205326 9497 20-1 Transformer: input 
205325 949721-1 Transformer: output 
MI-11299 Tube: selected 12AY7 
XV1, XV2 94880 737870-17 Socket: tube, 9 pin 


Miscellaneous: 


206512 8978013-503 | Printed Board: complete with components 
56359 8858642-3 Shield: tube 

218170 486041-15 Terminal: insulated stand-off 

205327 8872221-18 Button: plug 

37396 65415-10 Grommet: plate mtg. 

205329 | 741622-501 Knob: for Sl 

28452 85558~2 Plate: mounting for C5 


309283 8827557-5 Screw: shoulder for Pl 


NOTES 
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VOLTAGE CHART 


rome tr [e[s]# | + [*i*[ey =| 
_ 55 0 3.0 


I 
Tube V1 200 


#35 dc (approx.) *35 de (approx.) 148 *35 dc (approx.) 
0 3.0 *35 dc (approx.) *35 dc (approx.) 250 0 3.0 *35 de (approx.) 


Tube V2 250 


* 6.3 volts ac between terminals 4-5 and 9. 
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Figure ARA-3. Audio/Cue Record Amplifier, Schematic Diagram 


ELECTRONIC RECORDING PRODUCTS 


Audio/Cue Oscillator 


UNITS 205-C, 205-E 


RADIO CORPORATION OF AMERICA 
INDUSTRIAL ELECTRONIC PRODUCTS, CAMDEN, N. J. 


IB-31117 
PRINTED 
WA 660 
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Figure OSC-1. Audio/Cue Oscillator 


TECHNICAL DATA 


Power Required 
Plate: 285 volts de, 20 ma 


(from BX-21A Power Supply, unit 206-C) 
Heater; 6.3 volts ac, 0.3 ampere 


Tube Metering Voltage 
1.0 volt £0.15 volt 


Outputs 


Audio Oscillator: 55 KC bias for audio Record/Play 
head 
Erase current for audio head 


Cue Oscillator: 40 KC bias for cue Record/Play head 
Erase current for cue head 
Mounting 
Plug-in, on MJ-11597 Mounting Shelf (unit 205) 


Tube Complement 
1 12AU7 


DESCRIPTION 


Two identical plug-in oscillator units (see figure 
OSC-1) are used in the TRT-1B Tape Recorder; one 
unit, 205-C is used in the audio channel and the other, 
205-E, is used in the cue channel, These units are 
mounted on the audio shelf (unit 205) in rack 2. 


The purpose of the oscillators is to provide erase 
current to the erase heads, and signal bias for the 
record heads. The audio oscillator frequency is 55 KC 
and the cue oscillator frequency is 40 KC. External 
modifications are made to the cue oscillator to reduce 
the frequency and the output to the cue channel. 


Circuit 

The oscillator (see schematic diagram figure OSC-3) 
consists of a push-pull oscillator circuit using a dual 
triode. The plates of the triodes are ac coupled to the 
erase head through pins 9 and 10 of plug P1. The 
inductance of the erase head forms a tuned circuit 
with a shunt capacitor. In the audio channel, this 
shunt capacitor C7, 270 yuf, is used to obtain a 
resonant frequency of 55 KC. In the cue channel, 
C7 is shunted with C11, 560 pyuf, which is on TB4 
of the tape transport panel, and this results in a 
frequency of 40 KC. 


Positive feedback for oscillation is obtained by 
coupling a portion of the energy from each plate 
back to the opposite grids through a resistor-divider 
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network, The network consists of R16, 47K, and R6, 
110K, for one half, and R17, 47K and R8, 110K, for 
the other half. 


Transformer T1 is used to couple the erase fre- 
quency into the record circuitry for signal bias, The 
secondary of T1 is connected to pins 11 and 12 of P1. 
In the system wiring, the secondary is placed in series 
with the recording head. 

NOTE: In the record circuitry, one winding of the 
record head is used to form an absorption trap. An 
adjustable capacitor (C2 audio, or C7 cue, in the 
audio panel) is used to vary the amount of the bias 
signal coupled into the record head. This adjustment 
is covered in the Audio System section. 

A peak-to-peak detector circuit (CR1, CR2, etc.) is 
connected across the secondary of T1, The output of 
the detector circuit is fed to pins 1 and 2 of P1 where 
connection is made to the VU meter switch ($1) 
for monitoring purposes, With switch S1 in the 
ERASE position, for either audio or cue, the VU 
meter should read, for normal operation, 0 +1 db 
for audio and —4 +1 db for cue. 


"As stated above, the oscillator unit in the audio 
channel and the oscillator used in the cue channel 
are alike. The audio oscillator has a B+ voltage of 
285 volts which is received through pin 5 of plug P1; 
however, the oscillator for the cue channel receives 
its B+ voltage from pin 4 of plug P1. This connects 
R27, a 3300 ohm dropping resistor, in series with the 
B+ voltage thus reducing the cue erase current to the 
desired level. 


The METERING SWITCH S1, is used to obtain 
a relative indication of tube performance. This switch 
monitors a voltage across a resistor in the cathode 
circuit, With the METER SEL switch on the audio 
junction panel, unit 204, rotated to AUDIO OSC or 
CUE OSC, and S1 set to V1, the normal meter indica- 
tion is 1 volt +.15 volt. 


MAINTENANCE 


NOTE: Since the audio and cue oscillators are 
identical, one may be substituted for the other when 
trouble shooting the audio or cue channel. Refer to 
figure OSC-2 for location of components. 


Voltage Readings 

The table in figure OSC-3, indicates typical tube 
socket voltages with respect to ground, measured with 
a 20,000 ohm-per-volt meter. Values are approximate 
and may vary +10% because of the normal compo- 
nent tolerances, 
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LIST OF PARTS 


OSCILLATOR (8974482-501 ) 


Cl 

C2, C3 
C4 

G5 

C6 

C7 

C8 to C10 
Cll 

C12 

ers 

C14 

GS) 
CR1, CR2 
Pl 


94667 


59395 
205330 


30155 
205325 
94880 


205329 
206512 
56359 

218170 
205327 
28452 

209283 


990786-371 


95695-52 
735715-163 
727858 -133 


735715-163 
8924416-326 
735715-163 
442901-148 
735715-165 


459622-1 


82283-208 
82283-167 
82283-208 
8 2283-96 

82283-137 
82283-145 


90496-169 
82283-199 


82283-187 
82283-159 
82283-202 


99126-171 
8854922-2 
949721-1 

737870-17 


741622-501 
8978013-501 
8858642-3 
486041-15 
8872221-18 
85558-2 
8B827557-5 


CAPACITORS: 

Not Used 

film, 0.047 uf 410%, 400 v 

Not Used 

electrolytic, 30 wf -10 +50%, 350 v 
paper, 0.01 wf 410%, 400 v 

mica, 270 puf +10%, 500 v char ‘*D” 
Not Used 

paper, 0.01 wf +10%, 400 v 

mica, 5100 wef +5%, 300 v char “F” 
paper, 0.01 wf +10%, 400 v 
electrolytic, 50 wf -10 +250%, 25 v 
paper, 0.015 wf +10%, 400 v 

Diode: Type 1N34A 

Connector: male, 15 cont., chassis mtg. 
RESISTORS? 

Pixed, Composition - Unless Otherwise Specified 
Not Used 

110,000 ohm +5%, % w 

2200 ohm +5%, &% w 

110,000 ohm +5%, % w 

680,000 ohm +10%, % w 

120 ohm +5%, % w 

270 ohm +5%, %w 

Not Used 

2700 ohm +5%, 1 w 

47,000 ohm +5%, 4 w 

Not Used 

15,000 ohm +5%, % w 

1000 ohm +5%, 4% w 

62,000 ohm £+5%, 4% w 

Not Used 

3300 ohm #5%, 2 w 

Switch: metering 

Transformer: output 

Socket: tube, 9 pin 


Miscellaneous: 

Knob: for Sl 

Printed Board: complete with c waponents 
Shield: tube 

Terminal: insulated standoff 

Button: plug 

Plate: mounting for C5 

Screw: shoulder for Pl 
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OSCILLATOR VOLTAGE CHART 


Socket Pins 
Unit 


Function 


=35 dc (approx.) *35 dc (approx.) q * %35 de (approx.) 


*35 de (approx.) | *35 de (approx.) z. *35 dc (approx.) 


* 6.3 volts ac between terminals 4-5 and 9. 


R24 
1000 
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CUE OSCILLATOR ABOVE !.0 INMMF UNLESS OTHERWISE SPECIFIED. 
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Figure OSC-3. Audio/Cue Oscillator, Schematic Diagram 


ELECTRONIC RECORDING PRODUCTS 


Program Amplifier 


TYPE BA-23A 
UNIT 205-D 


RADIO CORPORATION OF AMERICA 
INDUSTRIAL ELECTRONIC PRODUCTS, CAMDEN, N. J. 


1B-31122 
BR-621 


ALA-2 


Figure ALA-1. Type BA-23A Program Amplifier 


TECHNICAL DATA 


Power Required 
100 to 130 volts, 50/60 cps, 30 watts 


Source Impedance 
600 ohms balanced 


Input Impedance 
600 ohms 


Maximum Input Level 
—10 dbm 


Output Impedance 


100 ohms (approximately) 


Load Impedance 
600 ohms 


Harmonic Distortion 


0.5% rms maximum at 30 dbm output, 30 to 15,000 cps 


Gain 


55 +1 db 


Frequency Response 


+1 db, 30 to 15,000 cps (see figure ALA-2) 


Noise Level 
—47 dbm 


Tube Complement 
1 — MI-11298 (selected RCA 5879) 
1— 12AX7 
2— 12AU7 
1— 6X4 


Dimensions and Weight 


Length: 10¥g inches (121/2 inches overall) 


Height: 4742 inches 
Width: 5 inches 
Weight: 9 pounds 


Finish 
Light Umber Gray 


IN DB 


oO 


RESPONSE 


be tT Hee 
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20 30 50 {00 200 300 
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1000 2000 3000 5000 10000-20000 
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DESCRIPTION 


The Type BA-23A Program Amplifier (unit 205-D) 
is a high fidelity, high gain, low distortion amplifier 
used as the audio line amplifier. Its purpose is to 
amplify the signal from the audio play preamplifier 
(unit 205-A). 


Controls 

Figure ALA-1 shows the controls on the amplifier 
front panel, These consist of a GAIN control, HUM 
adjustment, POWER switch, and METERING switch 
(to permit selective metering of tube currents), 


Plug-in Mounting 

The amplifier is plug-in mounted on an MI-11597 
Mounting Shelf (unit 205). A guide assembly attached 
to the shelf facilitates insertion and withdrawal of the 
unit and insures correct mating of plug P1 on the 
rear of the chassis with receptacle J1 on the shelf. 


Terminal connections of Pl are shown in a table 
on the schematic diagram, figure ALA-5. 


Circuit 

As shown on the schematic diagram, figure ALA-5, 
input transformer T1 is tapped for input impedances 
of 150 and 600 ohms, but is connected for 600 ohms. 
Attenuator AT1, across the secondary of T1, controls 
the voltage amplitude at the grid of the low noise 
pentode V1, and acts as the GAIN control. Both T1 
and V1 are on a shock-mounted plate to eliminate 
microphonics due to vibration. 


The amplified output of V1 is resistance-capacitance 
coupled to V2A. Two terminals (HI and LO) are 
provided in the grid circuit of V2A which allow 
adjustment of the grid bias voltage. This adjustment 
determines a maximum amplifier gain of 55 db (LO), 
as used in the tape recorder, or 70 db (HI). 


Figure ALA-2, Frequency Response Curve 


‘ALA-4 


The second section of V2 (V2B) is used as a phase 
splitter, feeding signal voltages of equal amplitude 
and opposite polarity to the grids of twin triodes 
V3 and V4. These tubes operate as push-pull ampli- 
fiers with their sections connected in parallel. The 
amplified output of V3 and V4 is applied to output 
transformer T2. The split secondary winding of T2 
is connected in series for a 600 ohm load impedance, 
but may also be connected in parallel for a 150 ohm 
load impedance. 

A tertiary winding on T2 supplies negative feed- 
back through resistor R23 to the cathode of V2A. 
The feedback improves frequency response (figure 
ALA-2), reduces harmonic distortion, and stabilizes 
the amplifier gain. 

Provision has been made to obtain a relative indi- 
cation of tube performance by monitoring the voltage 
across a resistor in each cathode circuit. METERING 
switch S1 selects the tube to be checked (see 
Maintenance). 

Plate and filament power is supplied to the unit by 
a self contained power supply consisting of power 
transformer T3, full-wave rectifier V5, and a resist. 
ance-capacitance filtering network (R24, R25, C11A/ 
11B), 


ADJUSTMENTS 


GAIN Adjustment 

Rotate GAIN control to maximum position 
(clockwise) and set AUDIO PLAY LEVEL attenuator 
on control panel (unit 305) to 12. Play back a tape 
having normal audio recorded, and adjust AUDIO 
PLAY LEVEL attenuator until! VU meter (AUDIO/ 
CUE) on control panel peaks at zero. 


HUM Adjustment 

Adjust HUM control (R28) for minimum hum 
in the amplifier output using an AC vacuum-tube 
voltmeter across the AUD LINE OUT connector at 
the rear of the control panel. Terminate the audio 
line output with 600 ohms when making this 
adjustment. 


Power Transformer Connections 

Power transformer T3 is designed for operation 
at 105, 115, and 125 volts, 50/60 cycles, but is 
normally connected for a 115-volt line. If the line 
voltage is above 120 volts, move the red and black 
wire from terminal 3 of T3 to terminal 4. If the 
line voltage is below 110 volts, move the wire from 
terminal 3 to terminal 2. 


MAINTENANCE 


Routine Checks 

The amplifier should be checked periodically to 
insure proper operation. This procedure should in- 
clude removal of dust around components and wiring, 
and cleaning the connector pins by moving the plug 
in and out of its receptacle several times. 


Tube Metering 

To obtain a relative indication of tube performance, 
rotate METER SEL switch on audio junction panel 
(unit 204) to AUDIO LINE position. Rotate 
METERING switch on BA-23A amplifier front panel 
to each position (V1, V2A, V2B, V3/V4) and note 
panel meter reading. The normal reading is one volt. 
Variations exceeding 0.15 volt indicate a departure 
from normal which may be caused by a defective or 
aging tube. 


Replacement of Components on 
Printed Circuit Board 

Figure ALA-3 shows the components which are 
mounted on a removable printed circuit board. If 
it becomes necessary to replace components, follow 
the procedure outlined in IB-31119 (BA-24A Moni- 
toring Amplifier) after removing the printed circuit 
board, 


Voltage Readings 

The Voltage Table indicates typical tube-socket 
voltages with respect to ground measured with a 
20,000 ohm-per-volt meter. All voltages are dc 
unless otherwise noted. 


VOLTAGE TABLE 
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Figure ALA-3. Printed Circuit Board Components 


LIST OF PARTS 
PROGRAM AMPLIFIER, MI-11246-A 


209286 746053-28 


727861-143 
735715-129 
735715-171 
735715-31 
735715-171 
727853-209 
735715-171 
442900-29 
735715-171 
990157-106 
459622-1 


C10A/B, C11A/B 
C12 

Fil 

Pl 


102913 


212327 
205330 


Resistor: 
2w 

CAPACITORS: 

mica, 680 wuf +10%, 400 v, Char ‘‘B” 

paper, 0.22 wf 420%, 400 v 

paper, 0.047 wf 410%, 400 v 

paper, 0.33 wf +20%, 200 v 

paper, 0.047 wf 110%, 400 v 

mica, 27 puf +10%, 400 v, Char ‘D” 

paper, 0.047 wf 410%, 400 v 

electrolytic, 40/40 wf -10 +50%, 450 v 

paper, 0.047 pf £10%, 400 v 

Fuse: % amp., 125 v, slo blo type, cartridge 

Connector - male, 15 contact, chassis mounting 


variable, composition, 100,000 ohm, +10%, 


ALA-6 


RESISIORS: 
Fixed, Composition - Unless Otherwise Specified 
735730-153 560 ohm, +5%, %w 
735730-169 2700 ohm, +5%, %w 
735730-71 5600 ohm, +10%, % w 
735730-211 150,000 ohm, +5%, %w 
735730-77 18,000 ohm, +10%, %w 
735730-205 82,000 ohm, +5%, %w 
735730-211 150,000 ohm, +5%, 4%w 
735730-227 680,000 ohm, +5%, %w 
735730-163 1500 ohm, +5%, % w 
735730-145 270 ohm, +5%, % w 
735730-211 150,000 ohm, +5%, %w 
735730-96 680,000 ohm, +10%, % w 
735730-167 2200 ohm, +5%, %w 
735730-209 120,000 ohm, +5%, %w 
735730-169 2700 ohm, +5%, %w 
735730-209 120,000 ohm, +5%, % w 
735730-94 470,000 ohm, +10%, % w 
735730-148 360 ohm, +5%, % w 
735730-124 36 ohm, +5%, % w 
735730-76 15,000 ohm, +10%, 4% w 
735730-74 10,000 ohm, +10%, %w 
735730-189 18,000 ohm, +5%, 4% w 
99126-52 150 ohm, +10%, 2 w 
99126-59 560 ohm, +10%, 2 w 
90496 -87 120,000 ohm, +10%, 1 w 
735730-77 18,000 ohm, +10%, %w 
R28 206037 737801-24 variable, 500 ohm, +20%, % w 
R29 73 5730-154 620 ohm, +5%, %w 
R30, R31 735730-74 10,000 ohm, +10%, %w 
209279 8838619-3 Switch - rotary, (wafer type, 1 circuit, 1 section, 
5 position, non-shorting contacts) 
48791 1 87454-2 Switch - toggle, (SPST, 3 amp @ 250 v. bat handle 
209280 949810-1 Transformer - audio, input 
209281 949682-1 Transformer ~ audio, output 
209282 949725-1 Transformer - power 
205914 8811104-1 Holder - fuse 
94880 737870-17 Socket - tube, 9 contact miniature, with shield 
XV2,XV3,XV4 209284 8817696-1 Socket - tube, 9 contact miniature 
XV5 209285 8817695-1 Socket - tube, 7 contact miniature 
209287 8865162-501 Circuit Board Assembly - (etched circuit board) 
complete, including Cl] to C9,C12, Rl to R27, 
XV2 to XV5 
205331 459623-1 Connector - female, 15 contact, chassis mounting 
37396 65415-10 Grommet - plate mounting 
30075 712336- 507 Knob 
18469 85558~-3 Plate - mounting, for C10,Cll 
209283 8827557-5 Screw - shoulder, for Pl 
56359 88 58642-3 Shield - tube 
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Figure ALA-5. Schematic Diagram 


ELECTRONIC RECORDING PRODUCTS 


Preamplifier 


TYPE BA-21A 
UNITS 205-H, 206-A 


RADIO CORPORATION OF AMERICA 
INDUSTRIAL ELECTRONIC PRODUCTS, CAMDEN, N. J. 


1B-31121 


APA-2 
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Figure APA-1-—Type BA-21A Preamplifier 


60274 


TECHNICAL DATA 


Power Required . 


Plate: 285 volts de, 10 ma 
0.3 mv ripple voltage 
Heater: 6.3 volts ac, 0.6 amperes 


Source Impedance 


150 ohm balanced source 


Input Impedance 


Higher than source impedance for ail frequencies from 
30 to 15,000 cps 


Output Impedance 
Approximately 100 ohms 


Load Impedance 
600 ohms balanced 


Maximum Input Level 
—22 dbm =1 db 


Rated Output Level 
+18 dbm 


Total RMS Harmonic Distortion 
{at +18 dbm output) 


0.75% rms at 30 cps 
0.50% rms from 50 to 15,000 cps 


Insertion Gain 
40 +1 db at 1000 cps 


Feedback 
20 db at 1000 cps 


Frequency Response 
=1 db from 30 to 15,000 cps (see figure APA-2) 


Hum and Noise Level 


—82 dbm maximum at output 


Tube Complement 


1 MYI-11299 (selected 12AY7)# 
1 12AY7 


Dimensions and Weight 
Length: 10-3/8 inches (12-1/2 inches overall) 
Height:  4-21/32 inches 
Width: 1-5/8 inches 
Weight; 2-1/2 pounds 


Finish 
Light umber gray 


* The MI-11299 RCA selected 12AY7 is inserted in the 
socket nearest the front panel (XV1). 
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DESCRIPTION 


The purpose of the BA-21A Preamplifier (figure 
APA-1) is to amplify the output of a low level 
source. Two of the units are used in the audio 
system, ome as a microphone preamplifier (unit 
205-H) and the other as a cue line amplifier (unit 
206-A). 


Plug-in Mounting 

Each preamplifier is plug-in mounted on an MI- 
11597 Mounting Shelf (the microphone preamplifier 
on shelf 205, and the cue line amplifier on shelf 206). 
A guide assembly attached to the shelf facilitates in- 
sertion and withdrawal of the unit and insures correct 
mating of plug P1 on the rear of the chassis with 
jack J1 on the mounting shelf. 


Terminal connections of Pi are listed in a table on 
the schematic diagram, figure APA-5, 


Circuit 

The preamplifier (see schematic diagram) consists 
of an input amplifier stage, V1A, a phase splitter, 
V1B, and a push-pull output stage V2. Input trans- 
former T1 is tapped for source impedances of 37.5, 
150, 600 ohms, but is connected for a balanced input 
of 150 ohms. The output of V2 is fed through output 
transformer T2 to pins 11 and 12 of plug P1. The 
split secondaries of T2 are connected in series to 
provide the correct turns ratio for a 600-ohm load. 
A tertiary winding on T2 supplies negative feedback 
through a resistance-capacitance network to the 
cathode of ViA. The feedback improves frequency 
response, reduces harmonic distortion, and stabilizes 
the amplifier gain (see figure APA-2). 


Provision is made to obtain a relative indication 
of tube performance by monitoring the voltage across 
a resistor in each cathode circuit, METERING switch 
S1 selects the tube to be checked (see Maintenance). 


Plate and filament voltages are supplied to the unit 
by the BX-21A Power Supply (unit 206C) through 
plug P1. 


MAINTENANCE 


NOTE: If trouble develops in either the cue line 
amplifier or microphone preamplifier necessitating 
immediate replacement, it should be noted that the 
units are identical and may be interchanged. © 


Routine Checks 

Each preamplifier should be checked periodically 
to insure proper operation. This procedure should 
include removal of dust around components and wir- 
ing, and cleaning connector pins by moving the plug 
in and out of its receptacle several times. 
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Tube Metering 

To obtain a relative indication of tube performance 
in either preamplifier, rotate METER SEL switch on 
audio junction panel (unit 204) to MIC or CUE 
LINE position. Rotate METERING switch on the 
corresponding unit to each of its three positions 
(V1A, V1B, V2) and note panel meter reading, The 
normal reading is one volt. Variations exceeding 0,15 
volt indicate a departure from normal tube character- 
istics which may be caused by defect or aging. 


Replacement of Components on 
Printed Circuit Board 
As shown in figure APA-3, the preamplifiers con- 


tain a printed circuit board which may be detached 
from the chassis after removal of two screws and 
associated nuts and washers, If it is necessary to 
replace components because of failure, follow the 
procedure outlined in IB-31119 (BA-24A Monitoring 
Amplifier). 


Voltage Readings 

The following table indicates typical tube-socket 
voltages with respect to ground, measured with a 
20,000 ohm-per-volt meter. Values are approximate 
and may vary +10%% because of normal component 
tolerances. 


VOLTAGE CHART 


tty 37.5.0 INPUT 


Rune 150.0 tNPUT Bi 
— 6000 INPUT aris 


FREQUENCY 


IN CYCLES PER SECOND 
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Figure APA-2—Frequency Response Curve 
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Figure APA-3—Preamplifier, Bottom View Showing Printed Circuit 


LIST OF PARTS 


Description 


PREAMPLIFIER, MI-11244~A 


97480 
205330 


30155 
205326 
205325 
94880 


205327 
206512 


205331 
37396 
205329 
28452 
209283 
56359 


735715-171 
735715-65 
95695-52 
459622-1 


8 2283-169 
90496-177 
82283-215 
82283-96 

82283-181 
82283-208 
8 2283-167 
8228 3-208 
82283-96 

82283-137 
82283-145 
82283-191 
82283-211 
82283-169 
8854922-2 
9497 20-1 

9497 21-1 

737870-17 


887 2221-18 
8861550- 502 


459623-1 
65415-10 
741622-501 
85558-2 
8827557-5 
8858642-3 


Capacitor: fixed, paper, 0.047 wf +10%, 400 v 

Capacitor: fixed, paper, 0.015 wf +10%, 200 v 

Capacitor: electrolytic, 30 wf 350 v 

Connector; male, 15 contact, chassis mounting 

RESISTORS: 

Fixed, Composition - Unless otherwise specified 

2700 ohms, +5%, ’%w 

5600 ohms, £5%, 1 w 

220,000 ohms, £5%, 4% w 

680,000 ohms, +10%, % w 

8200 ohms, £5%, % w 

110,000 ohms, 5%, % w 

2200 ohms, £5%, % w 

110,000 ohms, +5%, % w 

680,000 ohms, +10%, % w 

120 ohms, 15%, *& w 

270 ohms, +£5%, % w 

22,000 ohms, 5%, 4% w 

150,000 ohms, +5%, ’%w 

2700 ohms, +5%, % w 

Switch: metering 

Transformer: audio input 

Transformer: audio output 

Socket; tube, 9 contact miniature 

Miscellaneous: 

Button: plug 

Circuit Board Assembly: etched circuit board 
complete, including Cl-4, Ri-15 

Connector: female, 15 contact, chassis mounting 

Grommet: plate mounting 

Knob: control 

Plate: mounting, for C5 

Serew: shoulder, for Pl 

Shield: tube 
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Figure APA-4—Connection Diagram 
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MI-11299 RCA selected 12AY7 
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Figure APA-5—Schematic Diagram 
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Monitoring Amplifier 
TYPE BA-24A 
UNIT 206-B 


RADIO CORPORATION OF AMERICA 
INDUSTRIAL ELECTRONIC PRODUCTS, CAMDEN, N. J. 


PRINTED IN U.S.A. 1B-31119 
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Figure AMA-1. Monitoring Amplifier Type BA-24A 
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TECHNICAL DATA 


Power Required 
100 to 130 volts, 50/60 cycles, 70 watts. 


Source Impedance 


150 ohm balanced source. 


Input Impedance 


Approximately 20,000 ohms bridging (provided by 


external gain control on Control Panel). 


Load Impedance 
16 ohms. 


Output Impedance 


3 ohms (approximately). 


Maximum Input Level 
—30 dbm. 


Maximum Output Level 
10 watts (40 dbm). 


Frequency Response 
+2 db from 30 to 15,000 cps, 


Maximum Gain 
104 +2 db. 


Noise Level 


—122 dbm referred to input. 
—18 dbm at output with 104 db gain. 


Harmonic Distortion 


For 8 watts output (39 dbm): 
1% from 100 to 7500 cps. 
2% from 50 to 15,000 cps. 


Dimensions and Weight 


Length: 10%8 inches (121% inches overall). 


Width: 8°g inches. 
Height: 42145 inches. 
Weight: 1614 pounds. 


Fuse 


1.5 amperes, time-lag. 


Tube Complement 
(1) MI-11299 Input Stage and Voltage 
(selected 12AY7) Amplifier 

(1) 12AX7 Voltage Amplifier-Phase 
Inverter 


(2) 6VG6 Output Stage 
(1) 5Y3 Rectifier 


AMA-1 


DESCRIPTION 


The RCA Type BA-24A Monitoring Amplifier is 
a high-fidelity, high-gain amplifier which drives the 
monitor speaker on the Control Panel of the tape 
recorder. The input signal to the amplifier is selected 
by the SPEAKER & METER SELECTOR switch on 
the Control Panel, and the input level is controlled 
by the SPEAKER VOL control, also on the Control 
Panel. The switch permits selecting the output of the 
audio system during simultaneous playback and 
recording, the output of the audio or cue system 
during playback, and the incoming audio or cue line 
at any time. 


Controls 

Figure AMA-1 shows the controls on the amplifier 
front panel. These consist of a POWER ON-OFF 
switch, HUM adjustment, GAIN control, and a 
METERING switch (to permit selective metering of 
tube currents). 


Plug-In Mounting 

The amplifier is plug-in mounted on an MJ-11597 
Mounting Shelf. A guide assembly attached to the 
shelf facilitates insertion and withdrawal of the unit 
and insures correct mating of plugs P1 and P2 on the 


rear of the chassis with their receptacles J1 and J2 
on the shelf. 


Terminal connections of P1 and P2 are listed in a 
table on schematic diagram 317289, figure AMA-7. 


Circuit 

The unit consists of a five-stage amplifier and a 
self contained power supply. (Refer to schematic 
diagram, figure AMA-7). 


Input transformer T1 is tapped for source imped- 
ances of 37.5, 150, 600 ohms, but is connected for a 
150-ohm balanced source. The source is coupled by 
transformer T1 to the first stage of voltage ampli- 
fication (V1A) which is resistance-capacitance coupled 
to the second stage, V1B. GAIN control R4, in the 
grid circuit of V1B, determines the output level of 
the monitoring amplifier, 


After further amplification by V2A the signal is 
fed to phase splitter V2B, which supplies two equal 
voltages of opposite phase to push-pull output stage 
V3-V4, A tertiary winding on the output transformer, 
T2, supplies negative feedback to the cathode of V2A 
to improve frequency response, reduce harmonic dis- 
tortion, and stabilize the amplifier gain (figure 
AMA-2). The secondary winding of T2 is tapped for 
load impedances of 4, 8, 16, 150, or 600 ohms. The 
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Figure AMA-2. Frequency Response Curve 


taps are connected to plug P2 as shown in the sche- 
matic diagram. As used in the tape recorder, terminals 
6 and 10 of plug P2 (16-ohm output) are connected 
through receptacle J2 to the monitor speaker on the 
Control Panel. 


Provision has been made to monitor tube currents 
by measuring the voltage drop across a cathode resis- 
tor in each amplifier stage. METERING switch S2 
selects the tube to be monitored (see Maintenance). 


The self contained power supply consists of a 
power transformer (T3) a full-wave rectifier (V5), 
and a resistance-capacitance filter. 


ADJUSTMENTS 


GAIN Adjustment 

To adjust volume initially, observe the following 
procedure while playing back a tape with SPEAKER 
and METER SELECTOR switch on Control Panel in 
AUDIO REC/PLAY position: 


1. Rotate SPEAKER VOL control, on Control 
Panel, fully clockwise. 


2. Adjust GAIN control on monitoring amplifier 
until volume is greater than normally required. 


3. Lower volume to desired level with SPEAKER 
VOL control. 


HUM Adjustment 
Adjust HUM control (R25) for minimum hum in 
the monitoring amplifier output signal. 


Power Transformer Connections 

Power transformer T3 is designed for operation at 
105, 115, and 125 volts, 50/60 cycles, but is originally 
connected for a 115-volt line. If the line voltage is 
above 120 volts, disconnect the black and red tracer 
wire from the 115-volt tap (terminal 3 of T3) and 
connect it to the 125-volt tap (terminal 4 of T3). 
If the voltage is below 110 volts, connect the black 
and red tracer wire to the 105-volt tap (terminal 
2 of T3). 


MAINTENANCE 


Routine Checks 

To insure proper operation, the amplifier should 
be checked periodically, The procedure should include 
removal of dust around components and wiring, and 
cleaning the connector pins by moving the plugs in 
and out of their receptacles several times. 


Tube Metering 

The six position METERING switch S2 permits 
checking each tube by obtaining a relative indication 
of the cathode current. Provision for reading tube 
currents is provided by a meter on the Audio Junction 
panel. Rotate the meter selector switch on the panel 
to MON., then select the tube to be monitored by 
rotating the METERING switch on the Monitor 
Amplifier. A variation greater than 0.15 volt de indi- 
cates a departure from normal tube characteristics, 
which may be caused by defect or aging. 


Fuse Replacement 

When fuse replacement is required use one with 
the same type and rating (1.5 amp, 125 v time-lag) 
as the original. Do not use a fuse of higher rating 
as this will needlessly endanger the windings of the 
power transformer. 


Replacement of Components on 
Printed Circuit Board 

As shown in figure AMA-5, the monitoring ampli- 
fier contains a removable printed circuit board. Com- 
ponents which form an integral part of the printed 
circuit board are indicated in figure AMA-3. 


To Isolate a Component: If it becomes necessary 
to isolate a component while troubleshooting, the 
following procedure should be observed: 


1, Loosen one of the component leads by melting 
the sulder surrounding the lead with a small 25-watt 
soldering iron. 
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Figure AMA-3. Printed Circuit Board Components 


2. With long nosed pliers, straighten the bent 
portion of the lead before pulling it through the hole 
from the component side. 


3. To replace the component lead, reverse the 
procedure. Be careful not to damage the copper foil 
by excessive force or heat, 


To Replace a Component: Most of the components 
are accessible through openings in the chassis. Greater 
accessibility can be obtained by tilting the board after 
removing the eight screws and associated washers. 
To replace defective components, proceed as follows: 


1. Isolate defective component. 


2. To remove the component, snip the leads off at 
the component side of the board. (Refer to figure 
AMA-4.) 


3. Using a small soldering iron (25 w), heat the 
leads and remove them from the printed wiring side 
of the board. Avoid damaging the thin printed con- 
ductors by applying excessive force or heat. 


TO REMOVE DEFECTIVE COMPONENT 


HEAT & PULL OUT HERE 


CUT OFF HERE 


TO INSTALL NEW GOMPONENT 


BEND WIRE 
WITH PLIERS 


A-B8901158-0 


Figure AMA-4. Method of Replacing 
Component on Printed Wiring Board 
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4, Clean and preform the leads of the new com- 
ponent and insert them through the holes until the 
component body is tight against the board. 


5. On the printed circuit side, grasp the compo- 
nent lead and bend it over in the direction of the 
circuit pattern. 


6. Crimp the wire tightly against the board and 
cut off the excess component lead. Allow approxi- 
mately 1/16-inch of lead to protrude from the edge 
of the hole. 


7. Heat the lead and apply rosin core solder. Do 
not use paste or acid flux. Remove excess flux from 
the joints with alcohol. 


8. Replace the circuit board on the amplifier 
chassis. 


Voltage Readings 

The following table indicates typical tube-socket 
voltages with respect to ground, measured with a 
20,000 ohm-per-volt meter. 


VOLTAGE CHART 


Pin Number* 
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Figure AMA-5. Bottom View of BA-24A Amplifier 
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LIST OF PARTS 


MONITORING AMPLIFIER, MI-11247 


95695-20 
735715-179 
735715-161 
735715-175 
727856-121 
95695-20 
735715-171 
442900-29 
727856-119 
727876-131 
990157-109 
459622-1 


735730-151 
735730-156 
735730-207 
746053-24 
735730-159 
735730-162 
735730-215 
735730-94 
735730-162 
735730-166 
735730-215 
735730-191 
735730-94 
735730-64 
735730-197 
735730-157 
735730-94 
7357 30-197 
735730-94 
99126-150 
735730-113 
735730-74 
735730-72 
737801-24 
458592-10 
458592-13 
7357 30-84 
187454-2 
8838619-4 
9497 20-1 
949799-1 
9497 26-1 
8811104-1 
737870-17 
8817696-1 
8817694-1 
87156-1 


459623-1 
65415-10 
712336-507 
8904445-501 


8888 539-142 
8827557-5 
8858642-3 


CAPACITORS: 

electrolytic, 40-20 wf -10 +250%/-10 +50%, 25/450 v 

paper, 0.22 wf +10%, 400 ¥ 

paper, 6800 puf +10%, 400 v 

paper, 0.1 pf #10%, 400 v 

mica, 82 puf +10%, 500 v 

electrolytic, 40- 20 eE -10 +250%/-10 4+50%, 25/450 v 

paper, 0.047 wf +10%, 400 v 

electrolytic, 40/40 wf -10 +50%, 450 v 

mica, 68 puf 10%, 500 v 

mica, 220 puf +10%, 1000 v 

Fuse: 1.5 amp 125 v 

Connector: male, 15 contacts chassis mtg. 

RESISTORS: 

Fixed, Composition - Unless Otherwise Specified 

470 obsia., +5%, 4% w 

750 ohms, +5%, 4% w 

100,000 ohms, +5%, 4 w 

variable, comp., 250,000 ohms, +10%, 2 w 

1000 ohms, +5%, 4% w 

1300 ohms, +5%, % w 

220,000 ohms, +5%, %w 

470,000 ohms, +10%, % w 

1300 ohms, £+5%, %w 

2000 ohms, +5%, % w 

220,000 ohms, +5%, %w 

22,000 ohms, +5%, % w 

470,000 ohms, +10%, ’%w 

1500 ohms, +10%, % w 

39,000 ohms, +5%, % 

820 ohms, +5%, %w 

470,000 ohms, +10%, } 

39,000 ohms, +5%, % 

470,000 ohms, 410%, %w 

430 ohms, +5%, 2 w 

12 ohms, +5%, 4% w 

10,000 ohms, +10%, % w 

6800 ohms, +10%, % w 

variable, comp., 500 ohms, +20%, % w 

wire wound, 150 ohms, +10%, 5 w 

wire wound, 500 ohms, +10%, 5 w 

68,000 ohms, +10%, % w 

Switch: toggle S.P.S,T. 

Switch: rotary single circuit, 6 position 

Transformer: input 

Transformer: audio output 

Transformer: power 

Holder: fuse 

Socket: tube, 

Socket: tube, 

Socket: tube, 

Socket: tube, 

Miscellaneous: 

Connector: female, 15 contacts, chassis mtg. 

Grommet: plate mtg. 

Knob: control 

Printed circuit: complete with all components 
assembled 

Screw: set #8-32 x 3/16 lg. 

Screw: shoulder, for Pl 

Shield: tube, 


contact, with shield 
contact 
contact 
contact 
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Figure AMA-6. Connection Diagram 
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Figure AMA-7. Schematic Diagram 
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Preamplifier Power Supply 


TYPE BX-21A 
UNIT 206-C 


RADIO CORPORATION OF AMERICA 
a INDUSTRIAL ELECTRONIC PRODUCTS, CAMDEN, N. J. 


1B-31120 
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Figure APS 


Preamplifier Power Supply Type BX 


-21A 


TECHNICAL DATA 


Power Required 
100 to 130 volts, 50/60 cps 
130 watts 
95% power factor 


Plate Power Supplied 
Output voltage: 285 volts dc (adjustable from 245v 
to 295v). 
Output current: 10 to 100 ma dc 
Ripple voltage: 0.3 my maximum 
a. Full load to no Ioad: 0.2% 
b, With £5% line voltage variation: 
0.1% 


Regulation: 


Heater Power Supplied 


6.3 volts ac, 6.0 amps (maximum), 


Fuse (in primary circuit) 


2 ampere, time-lag 


Tube Complement 


1 5R4-GY 
1 6BX7-GT 
L 12AXK7 

1 OA2 


Dimensions and Weight 
Length: 103 inches (1214 inches overall), 
Height: 42145 inches 
Width:  61\%.6 inches 
Weight: 16 pounds 


Finish 
Light umber gray. 


DESCRIPTION 


The RCA Type BX-21A Preamplifier Power Supply 
(see figure APS-1) supplies plate and heater power to 
the following chassis of the tape recorder: 

1. Cue Line Amplifier (RCA Type BA-21A Pre- 
amplifier). 

2. Microphone Preamplifier (RCA Type BA-21A). 

3. Audio and Cue Record Preamplifiers. 

4, Audio and Cue Erase Oscillators. 

5. Audio and Cue Playback Preamplifiers (plate 
voltage to both tubes; filament voltage to second tube 
only). 


Controls 
As shown in figure APS-1, controls on the front 
panel of the power supply consist of a toggle switch 
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(POWER ON-OFF), and two screwdriver adjust- 
ments (HUM and VOLTAGE). 


Metering 

With METER SEL switch on audio junction panel 
(unit 204) placed in P.S. position, the panel meter 
will read one volt when the power supply output is 
285 volts de. 


Plug-In Mounting 

The power supply is guided into position on the 
mounting shelf (unit 206) by a guide plate attached 
to the shelf. A 15 pin male plug (P1), extending 
from the rear of the chassis, engages a female recep- 
tacle (J1) attached to the rear of the guide plate. 


All external wiring to the unit is connected to the 
terminals of J1 as shown on the table below the 
schematic diagram, figure APS-4. 


Circuit 

As shown on the schematic diagram, figure APS-4, 
the power supply circuit comprises a full-wave high- 
vacuum rectifier (V1), a resistance-capacitance filter 
(R1, C1, C2), and a series regulator circuit. The regu- 
lator circuit consists of a regulator tube (V2) in series 
with the load, a de amplifier (V3), and a gaseous 
type voltage regulator tube (V4). 


Regulation is accomplished by feeding a portion of 
the output voltage through amplifier V3 to the grids 
of series regulator tube V2. Any variation in the out- 
put voltage produces a change in the grid bias of V2 
which effectively varies the resistance in series with the 
load and restores the output voltage to its original 
value, Gaseous regulator tube V4 provides a fixed 
positive reference voltage of 150 volts, which is used 
to stabilize the operating points of both sections of 
amplifier V3. The operating points are determined by 
the setting of VOLTAGE control R10, which applies 
a portion of the reference voltage to the grid of the 
first section of V3. 


VOLTAGE control R10 allows adjustment of the 
output voltage from 245 to 295 volts dc. As used in 
the tape recorder, this control is adjusted for an out- 
put of 285 volts. An external metering circuit applies 
a pottion of the output voltage, obtained from voltage 
divider R18-R19, to pin 6 of P1. When the output is 
correctly adjusted to 285 volts dc, one volt will appear 
between pins 6 and 3 of P1, 


To prevent hum due to heater-cathode emission in 
V3, part of the positive reference voltage is applied to 
the heaters of V3 through the HUM control R12. 
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Figure APS-2. Bottom View of Power Supply 


ADJUSTMENTS 


Power Transformer Connections 

Power transformer T1 is designed for operation at 
105, 115, and 125 volts, 50/60 cycles, and is normally 
connected for a 115-volt line. The primary lead may 
be moved to the 105 or 125 volt tap after first remov- 
ing the cover (shown in figure APS-2) which is 
secured by five screws. 


If the ac line voltage is below 110 volts, transfer the 
primary lead on T1 from the 115-volt terminal (3) to 
the 105-volt terminal (2). If the ac line voltage is 
above 120 volts, transfer the primary lead from the 
115-volt terminal (3) to the 125-volt terminal (4). 


VOLTAGE Adjustment 


Adjust the plate supply voltage for 285 volts dec, 
using the VOLTAGE screwdriver adjustment, with 
the system in SETUP mode of operation, An accurate 
external dc voltmeter must be used to make this ad- 
justment. A convenient place to measure the voltage 
is between terminals 5 and 6 of terminal board TB1 
(terminal 6 is ground), on audio shelf-2 (unit 206). 


HUM Adjustment 


Adjust HUM screwdriver adjustment for minimum 
hum as measured with an a-c vacuum-tube volt meter 
placed across the AUD LINE OUT connector on the 
rear of the control panel (unit 305), Terminate the 
audio line output with 600 ohms when making this 
adjustment. 


MAINTENANCE 


Routine Checks 


A periodic inspection of the power supply should 
be made which includes frequent checks on tube per- 
formance using a tube tester. Components and wiring 
should also be inspected periodically, and any dust 
which may have collected should be removed. The 
plug connectors should be cleaned by moving the 
supply in and out of its receptacle several times. 


Voltage Readings 

The table of Socket Voltages shows typical voltage- 
to-ground readings at the tube socket terminals (dc 
unless otherwise noted). These readings have been 
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obtained with a 20,000 ohm-per-volt meter and may 
vary + 10% because of normal component tolerances. 


Fuse Repiacement 


When replacing a fuse, make sure that the replace- 
ment is of the correct type and rating (2 ampere, 
time-lag). Do not use a fuse of higher rating for re- 
placement purposes, since this will needlessly endanger 
the power transformer windings. 


Trouble Shooting 


In the event of power supply malfunction, check 
tubes and fuse. If trouble cannot be corrected by this 
procedure, refer to Trouble Shooting Chart. 


SOCKET VOLTAGES 


Pin Numbers 


V1 (5R4-GY) 
V2 (6BX7-GT) 
V3 (12AX7) 
V4 (OA2) 


TROUBLE SHOOTING CHART 


No output voltages. 


Power switch turned off, or 
fuse blown. 

Check for shorts in external 
and internal wiring before 
replacing fuse. 


No d-c supply voltage. 5R4-GY rectifier tube (V1) 
defective. 

6BX7-GT regulator tube 
(V2) defective. 


Resistor R1 A, B, or C open. 


DCE supply voltage high 
or low, but adjustable 
by VOLTAGE control. 


VOLTAGE control R10 in- 
correctly adjusted, 

If d-c voltage can be ad- 
justed to 285 volts with the 
power supply unloaded but 
cannot be properly adjusted 
with full load applied, the 
5R4-GY and/or 6BX7-GT 
tubes have low emission and 
should be replaced. 


DC supply voltage low, 
but not adjustable by 
VOLTAGE control. 


One half of 12AX7 amplifier 
tube (V3) defective. 
Resistors R9, R10, or R11 
open, 


Capacitor C3 shorted, 
OA2 voltage reference tube 
(V4) not operating properly. 


DC supply voltage low, 
but not adjustable by 
VOLTAGE control. 


DC voltage high, but not 
adjustable by VOLTAGE 
control. 


OA2 voltage reference tube 
removed or defective. 

One half of 12AX7 amp- 
lifier tube defective, or tube 
removed from circuit. 
Resistors R7, R10, or R15 
open. 


OA2 tube defective. 
Resistors R5 and/or RG open. 
Capacitor C5 shorted, 


OA2 voltage reference 
tube (V4) does not glow. 


Oscillations in d-c output 
voltage. 


Capacitor C6 or resistor 
R17 open. 


Excessive hum component} Capacitor C3 open. 
in d-c output voltage. Electrolytic capacitors C1 


and/or C2 low in capacity. 


Excessive high frequency 
noise component in d-c 
output voltage. 


Capacitor C5 open. 
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LIST OF PARTS 


PREAMPLIFIER POWER SUPPLY, MI-I1317 


C1A,B C2A,B8 213897 8817680-4 Capacitor: electrolytic, 40-40 nf 500 v 
C3 735715-129 Capacitor: fixed, paper, 0.22 uf +20%, 400 v 
C4,C5 735715-175 Capacitor: fixed, paper, 0.1 wf +10%, 400 v 
C6 735715-257 Capacitor: fixed, paper, 0.0033 wf +10%, 400 v 
Fl 93939 990157-110 Fuse: slo-blo 2 amp 
Pl 205330 459622-1 Connector: plug, 15 contacts 
RESIS£ORS: 
Fixed, Composition - Unless Otherwise Specified 
R1A/C 206036 459685-1 wire wound, 3 sections 50-50-50 ohms, +10%, 6 w 
R2,R3 735730- 50 100 ohms, +10%, % w 
R4 735730-94 470,000 ohms, 410%, % w 
RS, R6 99126-79 27,000 ohms, +10%, 2 w 
R7 99126-199 47,000 ohms, +5%, 2 w 
R8 735730-94 470,000 ohms, +10%, 4% w 
R9 735730-86 100,000 ohms, +10%, 4% w 
R1G 206038 746053-23 variable, carbon 50,000 ohms, +10%, % w 
K1l1 735730-86 100,000 ohms, +10%, %w 
R12 206037 737801-24 variable, carbon, 500 ohms, +20%, % w 
R13 735730-85 82,000 ohms, £10%, % w 
R14 735730-78 22,000 ohms, +10%, % w 
R15 735730-86 100,000 ohms, +10%, % w 
R16 90496-188 16,000 ohms, +5%, 1 w 
R17 735730-69 3900 ohms, +10%, % w 
R18 96548 8898692-225 precision, carbon 560,000 ohms, +1%, % w 
R19 206039 8898692-166 precision, carbon 2000 ohms, +1%, % w 
Sl 48791 187454-2 Switch: toggle 
Tl 206061 949765-1 Transformer: power 
XF1 205914 8811104-1 Holder: fuse 
XV1, XV2 68590 99391-2 Socket: tube, octal 
Xv3 94926 737870-9 Socket: tube, 9 pin 
XV4 94925 737867-9 Socket: tube, 7 pin 
Miscellaneous: : 
205331 459623-1 Connector: female, 15 contacts 


56560 57421-3 Grommet: panel mounting 
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Figure APS-4. Schematic Diagram 


TECHNICAL DATA 
Power Required 
AC: 117 volts, 50/60 cycles, 35 watts 
( (from circuit breaker no. 2) 
eS’ 


DC: 280 volts, 155 ma 
(from power supply no, 1, unit 409) 


Inputs 


FM signals 1, 2,3, and 4: 0.5 volt peak-to-peak, nominal 
(from equalizer, unit 105) 


240-cycle reference pulse: 4 volts peak-to-peak, approxi- 
mately (from tonewheel am- 
plifier, unit 505) 
Input Impedance 
160 ohms 


Outputs 
FM signals A” and “B”: 0.25 volt peak-to-peak, nomi- 
nal (to 2 x 1 switcher, unit 
309) 
Output Impedance 
160 ohms 


Frequency Response 
Flat + 10% from 1 to 9 mc 


Fuse 
Y/y ampere, slo-blo, 3AG 


Tube and Diode Complement 


Wis Tubes: 4—12AT7 
_ 4 — 5687 


Diodes: 28 —1N54A 
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Figure SW-2. 4 x 2 Switcher, Front View 


DESCRIPTION 


The 4 x 2 switcher (unit 207) combines four sepa- 
rate fm signals from the equalizer (unit 105) into 
two fm signals “A” and “B” which are fed to the 
2 x 1 switcher (unit 309). (Refer to block diagram, 
figure SW-1.) A 240-cycle tonewheel reference pulse 
is used to control two pairs of six-diode gates so that 
switching occurs in the proper timing sequence. 


Circuit 

Four individual fm signals from the equalizer are 
fed to separate input jacks on the 4 x 2 switcher 
chassis as shown on the schematic diagram, figure 
SW-12, Input signals 1 and 3 are combined into fm 
signal “A” by one pair of six-diode gates, while input 
signals 2 and 4 are combined into fm signal “B” by 
the other pair. The outputs of video heads which are 
180° apart are combined, since these heads never 
come in contact with the tape simultaneously. 

The diode gates are controlled by a series of switch- 
ing pulses generated by multivibrators. A delay multi- 
vibrator is used to shift the switching pulses which 
control the diode gates for heads 1 and 3 along the 
time axis so that they coincide with the head signals. 
The multivibrators are triggered by a 240-cycle tone- 
wheel reference pulse to insure switching at the 
required intervals, 

The 240-cycle reference pulse is applied to the 4 x 2 
switcher chassis at jack J2 and may be observed at test 
point TP1 (240 IN). The pulse, having an amplitude 
of approximately four volts, is amplified and shaped 
by buffer amplifier and differentiator V1 before being 


SW-4 


Top: Differentiated Reference Pulse Used to 
Trigger Multivibrators V5 and V2. 
Bottom: 240-cycle Reference Pulse at TP! 


(240 IN). 


Figure SW-3. 


A. Square Wave at V3 pin 1 (TP2) 
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B. Square Wave at V3 pin 9 (TP3) 


Figure SW-4, Square Waves Applied Simultaneously to Gates 2 and 4 


A. Square Wave at V7 pin 1 (TP4) 


B. Square Wave at Y7 pin 9 (TP5) 


Figure SW-5. Square Waves Applied Simultaneously to Gates 1 and 3 


fed to multivibrator V2 and delay multivibrator V5 
simultaneously (figure SW-3). 


When multivibrator V2 is triggered, it produces a 
square wave output which is fed to amplifier and 
phase-splitter V3. Each half of phase-splitter V3 de- 
livers a square wave to a pair of six-diode gates which 
control the switching of fm signals 2 and 4. The 
square waves are equal in amplitude and duration 
but opposite in polarity, so that both positive and 
negative-going control signals are fed simultaneously 
to the gates (figure SW-4). 


Delay multivibrator V5 is used to delay the trig- 
geting pulse 90° or 1043 microseconds (one half 
the triggering pulse interval) so that multivibrator 
V6 is triggered at the proper time to coincide with 
video head signals 1 and 3. The square wave pro- 
duced by V6 is fed to amplifier and phase-splitter V7 
which provides the switching circuit with control 
signals used in switching fm signals 1 and 3 (fig- 
ure SW-5). 


The four fm input signals are fed directly to one 
of two switching circuits, each circuit consisting of 


FM INPUT | 
FM INPUT 2 
FM INPUT 3 


FM INPUT 4 i 


DELAYED 
GATING PULSES 
FROM V7 


INPUTS 1&3 a 
COMBINED \ 


(FM OUTPUT'A”) | 


GATING PULSES 
FROM V3 


INPUTS 2 & 4 
COMBINED |. 
(FM OUTPUT"B") 


ie 
i 


Hee aq 
Ho 


ine 


WV AVHIAAH IW 
i ss a 


SW-5 


ket Shir 
tn 
mt} 


ea 


ne 


iad 


Figure SW-6. Combining Action of Diode Gates 


a pair of diode gates. Each gate contains six crystal 
diodes which are polarized by the 280 volt de B+ 
voltage. Gate input and output capacitors prevent 
the dc potentials on the diodes from being affected 
by source or load. Control signals of opposite polarity 
are fed to the gating diodes of each gate (CR9/ 
CR10, CR11/CR12, etc.) providing a bias voltage 
which causes them to conduct or not conduct, accord- 
ing to the polarity of the control signals. When the 
gating diodes are conducting, a reverse bias voltage 
is applied to the four remaining diodes, thus cutting 
them off and “closing” the gate so that the fm signal 
will not be passed, Simultaneously, the gating diodes 
of the second gate of the pair receive control signals 
of opposite polarity which cut them off, thus allowing 


the four remaining diodes to conduct and pass the 
fm signal. It should be noted that both positive and 
negative-going signals must be applied simultaneously 
to each gate to open or close the gate. Figure SW-6 
illustrates the combining action of the gate circuits. 
Balance potentiometers are provided in each gate 
circuit to balance the dc voltage so that switching 
Spikes are minimized. (Refer to Maintenance). 


The fm signals thus combined are amplified by | 
totein pole type amplifiers V4 and V8 and fed as fm 
output “A” and fm output “B” to the 2 x 1 switcher. 
Figures SW-7A and SW-7B show the output wave- 
forms which may be observed at test points TP10 
and TP7, 


A. FM Output A at TP10 


B. FM Output B at TP7 (Balance 
Controls Correctly Adjusted) 


C. FM Output B at TP7 (Balance 
Controls Incorrectly Adjusted) 


Figure SW-7. FM Output Signals (0.5 vol#/em; 500 usec/cm) 


MAINTENANCE 


Balance Control Adjustment 
The gate balance controls should be adjusted peri- 
odically by the following procedure: 


1, Place the tape recorder in PLAY mode. 


2. With the waveform monitor (unit 306) input 
selector switch in TEST position, connect the input 
probe to test point TP10 (FM-OUT-A). (An ex- 
ternal oscilloscope may be used in place of the wave- 
form monitor). 


3. Alternately adjust channel 1 and 3 balance con- 
trols (GATE BALANCE 1 & 3) for minimum spikes 
between fm signals, while maintaining base-line con- 
tinuity. (See figure SW-7A.) 

4, Move oscilloscope input probe to test point TP7 
(FM-OUT-B) and repeat step 3, alternately adjusting 
channel 2 and 4 balance controls (GATE BALANCE 
2 & 4). Figures SW-7B and SW-7C show channel 2 
and 4 balance controls correctly and incorrectly 
adjusted. 


NOTE: Steps 2, 3 and 4 above may also be per- 
formed after placing the machine in WIND and 
adjusting the variable FORWARD-REVERSE con- 
trol so that there is no tape motion. In this condi- 
tion the fm signals are not present and base-line 
continuity may be easily observed while adjusting 
for minimum spikes. 


Frequency Response 

The frequency response of fm output signals A 
and B should be flat (110%) from 1 to 9 mc. The 
procedure outlined below provides a method of check- 
ing the frequency response of the unit. A list of test 
equipment required consists of the following: 


1. Video sweep generator (0 to 10 mc sweep). 


2. Wide-band oscilloscope (Tektronix Type 535 or 
equivalent). 


To check the frequency response, proceed as fol- 
lows: 

1. Remove the coax cable from jack J8 (FM-IN-1) 
and remove squate wave multivibrator V6. 

2. Connect the sweep generator to J8 and adjust 
the generator output to 1 volt peak-to-peak. 

3. Connect the oscilloscope to test point TP7 or 
jack J6 (FM-IN-A) of the 2 x 1 switcher (unit 309) 
and observe the frequency response. If the frequency 
response requirement noted above is not met, check 
output tube V8 and associated circuit components. 

4. Replace coax cable and tube. 


5. Remove coax cable from jack J3 (FM-IN-2) and 
remove square wave multivibrator V2. 


6. Connect the sweep generator to J3 and adjust 
the generator output to 1 volt peak-to-peak. 


7. Connect the oscilloscope to test point TP8 or 
jack J7 (FM-IN-B) of the 2 x 1 switcher and observe 
the frequency response. If the frequency response 
requirements are not met, check output tube V4 and 
associated circuit components. 

8. Replace coax cable and tube. 


Gain 

The fm output signal amplitude, at 1 megacycle, 
should be not less than one half the input signal 
amplitude when checked by placing the machine in 
PLAY mode and comparing the input signal at test 
point TP11 (FM-IN-1) with the output signal at test 
point TP10 (FM-OUT-A) for channel A. For chan- 
nel B, compare the input and output signal ampli- 
tudes at test points TP6 (FM-IN-2) and TP7 (FM- 
OUT-B) respectively. The waveform monitor, with 
input selector switch in TEST position and probe 
connected to the appropriate test point, may be used 
in comparing the input and output signals, 

If the output signal amplitude of either channel is 
less than one half the input signal amplitude, check 
the output tube (V8 or V4) and associated circuit 
components. 


Waveforms and Voltages 

Figures SW-8 to SW-10 show typical waveforms 
obtained throughout the unit with a Tektronix Type 
535 oscilloscope, with amplitudes and oscilloscope 


horizontal sweep rates noted. In each figure the 


SW-7 


recorder is in the PLAY mode and the 240-cycle 
reference pulse is shown, 

The Voltage Table, adjacent to the schematic dia- 
gram (figure SW-12), shows typical voltages from 
tube-sockets to ground obtained with a vacuum-tube 
voltmeter. All voltages are dc unless otherwise noted. 


A. FM-IN-1 (TP11); 0.5 volt/em, 500 usec/cm 


C. FM-IN-3 (TP9); 0.5 volt/cem, 500 usec/cm 


E. V1 pin 1; 20 volts/cm, 20 usec/em 


B. FM-IN-2 (TP6); 0.5 volt/cem, 500 usec/cm 


D. FM-IN-4 (TPS); 0.5 volt/cm, 500 usec/em 


F. V1 pin 6; 20 volts/cm, 20 usec/cm 


Figure SW-8. Typical Waveforms 


A. V5, VZ pin 2; 10 volts/cm, 20 usec/cm B. V5 pin 3; 20 volts/cm, 200 usec/cm 


C. V6 pin 2; 10 volts/cm, 200 usec/cm D. V6 pin 6; 100 volts/cm, 200 usec/cm 


E. V7 pin 2; 5 volts/cm, 500 usec/cm F. V7 pin 1 (TP4); 20 volts/cm, 500 usec/em 


G. V7 pin 9 (TP5); 20 volts/cm, 500 usec/em 


Figure SW-9. Typical Waveforms 


SW-9 


A. V2 pin 6; 100 volts/cm, 500 usec/em B. V3 pin 2; 5 volts/em, 500 usec/em 


C. V3 pin 1 (TP2); 20 volts/cm, 500 usec/em D. V3 pin 9 (TP3); 20 volts/em, 500 usec/em 


E. V8 pin 2; 0.5 volt/cm, 500 usec/cm F. FM-OUT-A (TP10}; 0.5 volt/cm, 500 usec/cm 


G. V4 pin 2; 0.5 volt/em, 500 usec/cm H. FM-OUT-B (TP7); 0.5 volt/cm, 500 usec/cm 


Figure SW-10. Typical Waveforms 
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Figure SW-11. Rear View of 4x2 Switcher 


LIST OF PARTS 


4 X 2 SWITCHER (8957405-501 ) 


CAPACIZORS: 
Cl 735715- 163 paper, 0.01 pf +10%, 400 v 
C2A/B 209267 458558-2 ‘Jelectrolytic, 1000/1000 wf +250 -10%, 15 v 
C3 727871-167 mica, 6800 wef +10%, 300 v char “B” 
C4 T27871-147 mica, 1000 uwuf +10%, 500 v char ‘“B” 
C5 735715-163 paper, 0.01 wf 410%, 400 v 
C6 to C12 Not Used 
C13 214735 8814169-5 paper, 1 wf +10%, 150 v 
C14 206480 737863-137 paper, 1 wf +10%, 200 v 
C15 727871-167 mica, 6800 wef +10%, 300 v char “B” 
C16 727856-240 mica, 510 pguf +5%, 500 v char “B” 
C17 727856-131 mica, 220 uuf +10%, 500 v char “B” 
C18 727856-127 mica, 150 wef +10%, 500 v char “B” 
C19 727871-167 mica, 6800 wef +10%, 300 v char “B” 
C20 214735 8814169-5 paper, 1 pf 410%, 150 v 
C21 T27871- 268 mica, 7500 pf +5%, 300 v char “B” 
€22 206480 737863-137 paper, 1 wf +10%, 200 v 
C23 to C28 735715-175 paper, 0,1 wf +10%, 400 v 
C29 735715-163 |paper, 0.01 uf +10%, 400 v 
C30,C31 206322 737818-15 paper, 0.22 wf +10%, 100 v 
C32 212473 737818-55 paper, 0.22 pf +10%, 200 v 
C33,C34 Not Used 
C35 214735 8814169-5 paper, 1 wf +10%, 150 v 
C36 206480 737863-137 paper, 1 wf +10%, 200 v 
C37 727871-268 mica, 7500 puf +5%, 300 v char “B” 
C38 to C43 735715-175 paper, 0.1 wf 410%, 400 v 
C44 735715-163 |paper, 0.01 pf 10%, 400 v 
C45 206322 737818-15 paper, 0.22 wf +10%, 100 v 
C46 212473 737818-55 paper, 0.22 wf +10%, 200 v 
C47 206322 737818-15 paper, 0.22 uf +10%, 100 v 
C48A/B 99295 458557-5 electrolytic, 20/20 uf +50 -10%, 450 v 


C49,C50 735715-175 paper, 0.1 wf +10%, 400 v 
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C51 

C52, C53 
C54 

CR1 

CR2 

CR3, CR4 

CRS to CR29 
DS1 


to J8 


Rll to R19 
R20 
R21 
R22 
R23 
R24 
R25 
R26 
R27 
R28 
R29 
R30 
R31 
R32 
R33 
R34 
R35 
R36 
R37 
R38 
R39 
R40 
R41 
R42 
R43 
R44 
R45, R46 
R47 
R48 
R49 
R50 
R51 
R52 
R53 to R56 
R57 


99483 


99483 
99483 
101857 
212327 
51800 
51604 
215661 
54246 
215661 
215661 


51607 


205045 


205045 


735715-163 
8811182-5 
735715-179 


8981515-3 
872291-9 
990157-106 
255223-2 
727969-3 
252868-1 
893648-2 
252868-1 
252868-1 
8979037-1 
8979036-2 
727969-4 


82283-94 
82283-52 
90496-66 
99126-70 
82283-66 
82283- 52 
8 2283-54 
99126-70 
82283-77 
82283-92 


90496-195 
90496- 206 
90496-84 
82283-216 
90496-194 
90496-66 
82283-74 
90496-77 
90496-193 
90496-204 
82283-92 
82283-93 
8 2283-230 
82283-94 
82283-159 
90496-194 
90496-66 
82283-94 
82283-52 
458572-73 
82283-50 
8817659-31 
458572-73 
82283-52 
82283-94 
82283-140 
99126-78 
8971860-112 
90496-78 
99126-78 
897 1860-112 
90496-78 
82283 - 54 
82283-64 


paper, 0.01 pf +10%, 400 v 
ceramic, 10,000 wf +100 -20%, 450 v 
paper, 0.22 pf +10%, 400 v 
Diode: type 1N54A 
Not Used 
Diode: type 1N54A 
Diode: type 1N54A 
Lamp: neon, NES] 
Fuse: 1/2 amp 
Connector: coax, chassis mtg, 
Connector: male, 6 contact, chassis mtg. 
Connector: coax 
Adapter: solder type 
Connector: coax 
Connector: coax 

Adapter only 

Sleeve only 
Connector: female, 6 contact, cable mtg. 
RESISf£ORS: 
Fixed, composition - unless otherwise specified 
470,000 ohm +10%, %w 
150 ohm +10%, % w 
2200 ohm +10%, 1 w 
4700 ohm +10%, 2 w 
2200 ohm +10%, % w 
150 ohm +10%, % w 
220 ohm +10%, % w 
4700 ohm +10%, 2 w 
18,000 ohm +10%, %w 
330,000 ohm +10%, % w 
Not Used 
33,000 ohm 5%, 1 w 
91,000 ohm £+5%, lw 
68,000 ohm +10%, 1 w 
240,000 ohm 5%, %w 
30,000 ohm +5%, lw 
2200 ohm +10%, 1 w 
10,000 ohm +10%, 4% w 
18,000 ohm +10%,. 1 w 
27,000 ohm £5%, 1 w 
75,000 ohm +5%, 1 w 
330,000 ohm +10%, % w 
390,000 ohm +10%, %w 
910,000 ohm +5%, %w 
470,000 ohm +10%, % w 
1000 ohm +5%, % w 
30,000 ohm +5%, 1 w 
2200 ohm +10%, 1 w 
470,000 ohm +10%, 4% w 
150 ohm +10%, 4% w 
wire wound, 7000 ohm +5%, 5 w 
100 ohm +10%, 4% w 
wire wound, 2000 ohm +5%, 5 w 
wire wound, 7000 ohm +5%, 5 w 
150 ohm +10%, % w 
470,000 ohm +10%, % w 
160 ohm +5%, % w 
22,900 ohm +10%, 2 w 
variable, comp., 25,000 ohm +10%, 2 w 
22,000 ohm +10%, 1 w 
22,000 ohm +10%, 2 w 
variable, comp., 25,000 ohm +10%, 2 w 
22,000 ohm +10%, 1 w 
220 ohm +10%, 4% w 
1500 ohm +10%, % w 
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R58 90496-60 680 ohm +10%, 1 w 
R59 82283-137 120 ohm +5%, %w 
R60 82283-94 470,000 ohm +10%, %w 
R61, R62 82283-145 270 ohm +5%, %w 
R63 Not Used 
R64 82283-92 330,000 ohm +10%, %w 
R65 90496-193 27,000 ohm +5%, lw 
R66 90496 -204 75,000 ohm +5%, 1 w 
R67 8 2283-93 390,000 ohm +10%, % w 
R68 82283-230 910,000 ohm +5%, %w 
R69 82283-94 470,000 ohm +10%, % w 
R70 82283-159 1000 ohm +5%, % w 
R71 90496-194 30,000 ohm +5%, lw 
R72 90496-66 2200 ohm +10%, 1 w 
R73 82283-94 470,000 ohm +10%, % w 
R74 82283-52 150 ohm +10%, % w 
R75 458572-73 wire wound, 7000 ohm +5%, 5 w 
R76 8 2283-50 100 ohm +10%, % w 
R77 8817659-31 wire wound, 2000 ohm +5%, 5 w 
R78 82283-52 150 ohm +10%, % w 
R79 82283-94 470,000 ohm +10%, %w 
R80 458572-73 wire wound, 7000 ohm +5%, 5 w 
R81,R82 82283-140 160 ohm +5%, ’%w 
R83, R84 90496-78 22,000 ohm +10%, 
R85 99126-78 22,000 ohm +#10%, 
R86 205045 8971860-112 variable, comp., 25,000 ohm +10%, 2 w 
R87 99126-78 22,000 ohm +10%, 2 w 
R88 205045 8971860-112 variable, comp., 25,000 ohm +10%, 2 w 
R89 to R92 82283-54 220 ohm +10%, % w 
82 283-64 1500 ohm +10%, % w 
90496-60 680 ohm +10%, 1 w 
82283-137 120 ohm +5%, %w 
82283-145 270 ohm +5%, %w 
82283-94 470,000 ohm +10%, % w 
82283-145 270 ohm +5%, 4% w 
Part of XDS1 
82283-94 470,000 ohm +10%, ’% w 
90496-111 10 ohm +5%, 1 w 
895326-4 Transformer: filament 
TP1 to TPl1l 8825493-7 Jack: tip 
XADS1 990788-507 Jewel 
XDS1 990789-5 Socket: indicator light 
XFl 99088-2 Holder: fuse 
XV1 to XV8 737870-14 Socket: tube, 9 pin 


VOLTAGE TABLET 


Pin N 
Tube in Number 


* 12.6 volts ac between pins 4 and 5. 


+ Voltages measured from tube-socket pins to ground with vacuum-tube voltmeter. All voltages dc unless otherwise noted 
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UNIT 208 
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Figure HWB-]. Headwheel Blower 


DESCRIPTION 


The function of the Headwheel Blower (Unit 208) 
is to draw air over the headwheel motor for both 
cleaning and cooling. A permanently lubricated ball 
bearing motor drives a multi-stage blower which 
draws the air from the headwheel panel over an oil- 
wetted wire filter. This filter removes dust and lint 
collected from the tape and headwheel. 


MAINTENANCE 


The only maintenance requited is a regular clean- 
ing of the filter. It should be cleaned every month 
under average operating conditions. The procedure 
to be used for cleaning the filter is as follows: 


1. Loosen the hose clamp on the rear of the rec- 
tangular filter chamber, located at the bottom of the 
assembly, and then disengage the hose connecting this 
unit to the headwheel panel. 


2. Hold the rectangular filter chamber with one 
hand, and remove the knurled nut at the bottom of 
the chamber. Then remove the chamber by lowering 
it until it is clear of the filter. 


3. While holding the bottom ring of the filter 
remove the second knurled nut at the bottom of the 
filter. 


4, Remove both the bottom ring and the woven 
wire filter by movirg it down to clear the mounting 
stud. A gasket in the top ring of the filter assembly 
may also come off when the wire filter is removed; 
the remaining parts of the filter assembly ate re- 
strained from falling by the legs of the “Y” type 
mounting stud. It is not necessary to remove these 
for cleaning. 


NOTE: If the removal of the remaining parts of 
the filter assembly is necessary for repairs, first 
remove the “Y” stud by compressing it until one 
leg has cleared the hole in the housing, and then 
the remaining parts will drop off. 


5. Wash the wire filter element using chlorethene 
or kerosene, Let the filter element dry, and then dip 
it in motor oil (SAE 20-30). Allow the excess oil to 
drain off preferably overnight, before reassembling. 


6. To reassemble the headwheel blower reverse the 
procedure given in steps 1 through 4. 


7. Measure the vacuum pressure with a manometer. 
The blower should develop a minimum pressure of 
51/, inches of water when there is no air flow. Block 
off all air flow when making this measurement, 


HW’B-2 
LIST OF PARTS 


HEADWHEEL MOTOR BLOWER (8974475-50i ) 


Motor: part of Blower Assembly 
Capacitor: paper, 4 wf +10%, 330 v A.C. 


218266 8978089-1 


Miscellaneous: 
Blower: 115 v, 50/60 cycle, including motor symbol 
Bl, less filter 


218294 


218270 8439065-501 Clamp: “Y” type, filter and cover retaining 
218269 8439077-501 Cover: blower air filter 
218293 Filter: oil wetted air 


218268 8978073-1 Gasket; synthetic rubber, oil resistance, 4,27” 
x 4.27" 
Washer: cork rubber, adhesive coated, 3.38” 0.D. 


x 2,25” I.D. 


218267 8978072-1 


Figure HWB-2. Headwheel Blower Schematic Diagram 
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Interconnection Diagram, Rack 3 
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Figure DA-1. Video Distribution Amplifier 


TECHNICAL DATA 


Input Power AC 
105 to 130 volts, 50/60 cycles, 55 watts, from C.B. #2 


Input Power DC 


280 volts, 150 ma (Regulated) , 
(Supplied by 280-V Power Supply #2 (410) to each 
amplifier) 


Input Signal Levels 
Composite Video: 1.0 volts peak-to-peak max. 


Syne: 3.5 to 8.0 volts peak-to-peak 


Gain 
0.5 to 2.0 adjustable 


Outputs 


3 outputs 


Output Impedance 


75 ohms, internally terminated 


Output Signal Levels 
Composite Video: 1.0 volts peak-to-peak max. 


Syne: zero to 0.4 volt peak-to-peak 


Isolation 


Between Adjacent Amplifier Chassis: 50 db throughout 
band pass 


Between Output Lines at Midband: 40 db 
Between Output Lines at 4 MC: 28 db 


{ 

Sine Wave Frequency Response 
1.0 cycle to 8 mc — flat £0.3 db 
0.5 cycle to 10 mc —flat £1.0 db 


Low Frequency Square Wave Tilt 


1.5% max. at 60 cycles 


Tube Complement 


3 6BK7B 
2 46BX7 
1 5687 
1 OB2 
1 6X4 
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DESCRIPTION 


Two Video Distribution Amplifiers, DA #1, unit 
304 and DA #2, unit 303, provide for the distribution 
of the composite video signal for the TRT-1B System. 
Each unit has three low-impedance outputs, each con- 
nected into the video tape system. Three 75-ohm 
coaxial terminators are supplied for each unit to termi- 
nate the unused jacks. Up to 6 db gain with excellent 
linearity and stability is possible. The frequency 
response is uniform within 0.3 db from 1 cycle to 8 
mc with less than 1.5% tilt on a 60-cycle square wave. 


The system requires a composite video signal fed 
to the Modulator, unit 102 from DA #1; a non- 
composite video mixed with sync through jacks J3 and 
J4 may be fed through the distribution amplifier. The 
relay K1 may be ordered separately (RCA Stock 
#99155) and is essential if sync interlock is to be used 
for remote control of sync. The relay socket XK1 is 
provided on the rear of the chassis near the sync 
input jacks, J3 and J4. 


Both units are mounted at the top of Rack 3 in 
the system. The system input composite video signal 
is applied to J1 on DA #1; J2 is terminated. The 
video signal is applied to J1 of DA +2 from the 
Demodulator, unit 201, through the 2X1 Switcher, 
unit 309; J2 is terminated. The output connections 
into the system are tabulated for each amplifier in 
the chart below: 


Circuit 

The video distribution amplifier has two cascaded 
negative feedback amplifiers, the first having a gain 
of approximately two, and the second, gain of about 
one. The input signal is fed to the grid of series 
amplifier V1, a 6BK7B tube, which drives another 
series amplifier V2, a 5687 tube. The output is coupled 
through C8 to the VIDEO GAIN control R16, Part 
of the output voltage is fed back to the cathode of 
V1 through R8 and C22. The degenerative effect of 
the feedback reduces the overall gain of the circuit 


and improves frequency response, linearity and 
stability. HF COMPENSATION C22, controls the 
amount of feedback at high frequencies and is used 
for adjustment of high frequency response. HF 
COMPENSATION C5 is also used for adjustment of 
high frequency response. HF COMPENSATION C5 
is also used for response compensation by controlling 
the high frequency gain and phase characteristics 
of the amplifier. 


The movable arm of VIDEO GAIN control R16, 
feeds the video signal of required level to the second 
feedback amplifier. In this circuit, series connected 
6BK7B triode sections, V4a and V4b amplify the 
signal, The cathode follower V3B isolates the high 
input capacity of the output tubes V5 and V6 from 
the triode voltage amplifiers, The  series-parallel 
arrangement of V5 and V6 provides adequate signal 
current swing to drive three 75-ohm transmission 
lines through matching and isolation networks. A 
fraction of the signal at the output is introduced into 
the cathode circuit of V4A for negative feedback. The 
low output impedance resulting from the use of 
negative feedback is necessary to achieve high isola- 
tion between output lines, 


The series amplifier configuration used in this 
amplifier offers many advantages, over conventional 
types, in reduction of distortion and current require- 
ments. Operation of this type of circuit is best ex- 
plained by referring to V2 in the schematic diagram 
figure DA-5. 


Fixed bias voltage from R6 and R12 is applied to 
V2B. The cathode bias from R9 applied to V2A is 
such that voltage drops across both tube sections 
are approximately equal. When a positive going sig- 
nal is applied to the grid of V2B, its plate resistance 
decreases and current flows from the load R16-R17 
through C8, R9 and V2B to ground, The increased 
flow of current through R9 increases bias on V2A, 
causing the plate resistance of this section to increase 
and allow still more current to flow from the load 
through V2B. On negative going signals, the process 


ji VID IN 


Modulator (102) 
CRO Monitor Switcher (307) 


Ji VID INPUT 


Ji VID INPUT Color Monitor Switcher (601) 


Ji DEMOD OUT 
Ji17 VIDEO IN 
Ji VIDEO IN 


CRO Monitor Switcher (307) 
Processing Amplifier (308) 
Burst Oscillator (605) 


is reversed with current flowing into the load 
from B+. 


The sync-mixing circuit uses the “A” section of 
V3, a 6KB7B tube. The high-impedance input to this 
amplifier makes it possible to loop sync signal 
through several amplifiers without producing appreci- 
able distortion. The level of the sync signal that may 
be mixed with the video signal is adjustable from zero 
to a maximum of 0.4 volt at the output of the 
amplifier. 


Fixed bias voltage is supplied by V8, a 6X4 tube, 
connected as a half-wave rectifier. The voltage is 
regulated by V7, an OB2 tube. In addition this reg- 
ulated voltage is used to establish a zero d-c reference 
level at the gain control and at the three output jacks. 


INSTALLATION 


The amplifiers are shipped mounted in Rack 3 with 
all tubes in place. The input tap on power trans- 
former T1 has been adjusted in each amplifier for 
117 v line voltage by connecting the input tap lead 
to the primary terminal 3. 


Power Connections 
The terminals of the Jones plug P8 supplied with 
each amplifier are connected as follows: 


Unit Terminals Connections 


AC Line 
10 280 v from J4, pin 16 
DA #1 (Power Supply #2, Rack 4) 
12 — 280 v Gnd from J4, pin 2 


(Power Supply #2, Rack 4) 


AC Line 


280 v from J5, pin 10 
(Power Supply #2, Rack 4) 


—280 v Gnd from J5, pin 12 
(Power Supply #2, Rack 4) 


CAUTION: Do not apply plate voltage to 
the unit unless the 6X4 bias rectifier tube 
V8 is in place. 


Whenever power is applied to the unit, the a-c 
line should be turned on first. Allowing sufficient 
time for the tube heaters to reach operating tempera- 
ture and the bias supply to become operative before 
applying plate voltage. Allow sufficient time for the 
amplifier to become stabilized before making any 
adjustments. 
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WARNING 


DO NOT LEAVE AC POWER ON FOR 
ANY LENGTH OF TIME WITHOUT 
TURNING ON DC POWER. 


Signal Input 

The video distribution amplifiers are connected into 
the system through J1 with the 75-ohm coaxial cable 
supplied. Connector J2 is terminated. This spare jack 
is provided to bridge the line to supply signals to 
another piece of equipment. 


If the distribution amplifier has been connected to 
mix the sync signal with the video signal, the sync 
signal is connected to J3 or J4. The spare jack is used 
for bridging or termination. In both cases, video and 
sync, if the signals are looped through to one or more 
pieces of equipment, the end of the line must 
terminate in 75 ohms. 


Signal Output 

The output jacks J5, J6, J7 are connected by 75- 
ohm coaxial cables with the proper connectors to 
other units as indicated in the system interconnection 


diagrams. Refer to the overall system instruction 
book. 


If all of the outputs are not used, terminate the 
unused output jacks in 75 ohms. 


Sync Interlock Connections 

A jumper has been installed between pins 5 and 6 
of the relay socket XK-1, to permit non-interlocked 
operation without a relay in place. This jumper must 
be removed for sync interlock operation, 

If a sync interlock relay is to be used for remote 
control of sync, connect the circuit, according to the 
type of operation desired, as follows: 


1. Common 24-volt system 
a. Connect pin 11 of P8 to a 24-volt d-c supply. 


b. Connect pin 9 of P8 to the control circuit which 
will supply 24 volts d-c to actuate the relay. 


2. Grounded 24-volt system 
a. Connect pins 11 and 12 of P8 together. 


b. Connect pin 9 of P8 to the control circuit which 
will supply 24 volts d-c to actuate the relay. 


3. Grounded 280-volt system 

a. Connect an 82,000 ohm, 2 watt resistor in series 
with the lead between the relay coil and pin 9 of J8. 
If the control voltage is other than 280 volts, the 
limiting resistor must be selected accordingly. The 
resistor should limit the current to 2.5 milliamperes. 
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On the terminal board near the relay socket blank 
terminals are available for mounting the limiting 
resistor. 

b. Connect pins 11 and 12 of P8. 

c. Connect pin 9 of P8 to the control circuit 
which will supply 280 volts d.c. to actuate the relay. 


4. Common 280-volt d-c system 

a. Install a limiting resistor as in step 3a. 

b. Connect pins 10 and 11 of P8, 

c. Connect pin 9 of P8 to the control circuit 
which will ground this pin to actuate the relay. 


SETUP FOR OPERATION 


Once installed and interconnected into the system, 
operation consists of adjusting the VIDEO GAIN 
control and, if used, the SYNC GAIN controls, to be 
sure the required output voltage is being produced. 


CAUTION: Be sure to allow time for the 
unit to become stabilized before making any 
adjustments. 


The CRO Waveform Monitor mounted in Rack 3 
may be used to check this voltage as follows: 

1. On the CRO set the VIDEO CAL control to 
1.0 and the 240-V-H control to the V or vertical 
position. 

2. On the CRO Monitor Switcher, mounted just 
below the CRO, there are two rows of pushbuttons; 
one set for the CRO, one set for the Picture Monitor. 
To check DA +1, press the pushbutton VIDEO 
INPUT and for DA #2, press DEMOD OUT, in 
the CRO set of pushbuttons. 

3. Adjust the VIDEO GAIN control knob on each 
amplifier until the input signal measures 1.0 volts 
peak-to-peak signal amplitude as indicated on the 
CRO scope. Refer to figure DA-2. 


4, If sync and video signals are being mixed in 
DA #1 (304) adjust the SYNC GAIN control. Set 
the CRO and adjust the SYNC GAIN control until 
the amplitude of the sync is the required 0.4 volt 
portion of the composite signal as shown on the CRO. 

5. The quality of the picture may be viewed on 
the Picture Monitor. Press the Monitor pushbuttons 
VIDEO INPUT and DEMOD OUT on the CRO 
Monitor Switcher. 


MAINTENANCE 


Keep the unit clean and free from dust. Periodically 
inspect resistors and capacitors for signs of discolora- 
tion caused by overheating. Check connecting cables 
and their connectors for cleanliness and tightness. 
Maintain a routine schedule for checking tubes in 
a mutual conductance tube tester. Replace those 
which are below standard or are otherwise defective. 
Keeping a log of the readings taken for each tube 
will help to anticipate tube failure by comparison 
with prior readings. 


Alignment Procedure 

After changing any tube or after 1000 hours of 
operation, each distribution amplifier should be 
aligned. The System Recommended Test Equipment 
units, which are suitable, are as follows: 

Video Transmissien Test Signal Generator, Model 1003-C 

Video Sweep Generator Type TLC1105 (0-16 MC) 

Tetronics Oscilloscope Type 535 

Before making any adjustments allow at least a 
five-minute warm-up period; then proceed as follows: 

1. Remove the sync input cable, if used, and turn 
the SYNC GAIN control R46 fully counterclockwise. 

2. Disconnect the cables J1 and J2 VIDEO INPUT; 
then connect the video sweep generator to the input, 
setting it to sweep from zero to 10 mc. Adjust the 
output for no more than 0.25 volt, peak-to-peak. 


A. 1 v/cm, horizontal sweep rate. 


B. 1 v/cm, horizontal sweep rate. 


Figure DA-2. Waveforms of DA +1 and DA +2 Outputs 


Do not exceed this value; decreased degeneration at 
the higher frequencies causes overloading at these 
frequencies. The resulting amplitude distortion would 
produce a false frequency-response indication. 

3. With the oscilloscope adjusted for 60-cycle sine- 
wave horizontal deflection, measure the amplitude of 
the input signal at test jack J9. Move the oscilloscope 
probe to test J15. Adjust VIDEO GAIN control, 
R16, to set the amplitude of the signal to the same 
value that was measured at J9, Carefully adjust C5 
and C22 alternately until the widest frequency 
response, consistent with the most uniform response, 
is displayed by the oscilloscope. 

4. To test the output signals, proceed as follows: 


a. For DA #1, insert the test probe into the 
input of the Modulator, unit 102, VID IN Jz. 

b. For DA #2, insert the test probe into the 
input of the Signal Processing Amplifier, unit 308, 
VIDEO IN, J17. 

c. For each test, adjust C13 and C25 in the same 
manner as C5 and C22 in step 3, again checking for 
optimum frequency response in terms of bandwidth 
and uniformity. The amplitude of the signals at the 
output should be nearly equal to the input. 


5. Reconnect the input signals and reset the output 
levels as outlined under SETUP FOR OPERATION. 
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Final gain adjustments should be made when the unit 
is mounted in its rack and normal video signals 


are applied. 


Trouble Shooting 

In case of abnormal operation, check the input 
jacks for the presence of normal signals. Check the 
power sources for normal voltages, Check the power 
connectors J8 and P8 for cleanliness and good con- 
tact. Be sure that all connecting cables are in perfect 
order and that their connectors are clean and tight. 
Check all tubes either in a mutual conductance tube 
tester or by substituting tubes known to be good. 

The test jacks, conveniently located on the front of 
the chassis, make it easy to localize the fault to a 
particular section or component. Refer to the chart 
for the use of each test jack as well as the location 
and purpose of all jacks on the distribution amplifier 
chassis. 

When the fault has been localized to ‘a particular 
section or stage, the Typical Operating Voltage Chart 
is helpful in tracing the defective component. It is 
recommended that trouble shooting within the chassis 
be done by voltage analysis rather than by waveform 
analysis, because of the complexity of feedback loops. 
Removing the chassis from the mounting rack 
simplifies the making of repairs, 


VIDEO DISTRIBUTION AMPLIFIER CONNECTOR CHART 


Seal BSS Description 
Designation Location 
Inputs and Outputs 
ji Rear Coaxial (Fem.) 
j2 Rear Coaxial (Fem.) 
33 Rear Coaxial (Fem.) 
j4 Rear Coaxial (Fem.) 
js Rear Coaxial (Fem.) 
Jo Rear Coaxial (Fem.) 
J7 Rear Coaxial (Fem.) 
js Rear Coaxial (Fem.) 
Test Points 
jo Front Red jack 
j10 Front Blue jack 
jil Front Green jack 
Ji2 Front Red jack 
ji3 Front Red jack 
ji4 Front Red jack 
jis Rear Light green jack 


Function 


Blanked or composite input video signal. 
Blanked or composite. input video signal. 
Sync input signal. 

Sync input signal. 

Output signal. 

Output signal. 

Output signal. 


6 contacts; AC Line and 280 v DC inputs; relay K1 
cennected to pins 9 and 11 (when used). 


To check presence of picture signal at input. 
Marked SYNC: to detect presence of sync signal 
at input. 


Marked VIDEO: to detect presence or absence of 
video signal (or sync when used) at input to second 
amplifier section, 


To measure output signal at J5. 
To measure output signal at J6. 
To measure output signal at J7. 


To measure amplitude of input signal with VIDEO 
GAIN control R16 adjusted to set the amplitude 
of the signal to the same value as measured at J9. 
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Figure DA-4. Rear View of Video Distribution Amplifier 


TYPICAL OPERATION VOLTAGES 


Tube 
1 


V1B 280 138 139.5 
T 
V3A 150 1.7 | 46.5 
#*12.8 AC 4.0 AC 21.8 AC 
| 1 
V3B 280 200 2.35 AC 
V4A 138 —5 84 
1.15 AC 1.05 AC 
V4B | 
| V5A —10 158 0 
2.4 AC 6.2 AC 
V5B 158 280 
6.2 AC 
V6A —10 158 0 
2.4 AC 6.2 AC 
V6B 158 280 
6.2 AC a 
=a | 
V8 
245 AC 
RMS 


* All voltages DC except as indicated and measured with no signal applied. 
** EIA sync; 4V peak-to-peak at sync input; sync gain control set at maximum. 
*** 60 cycle sine wave; all other AC voltages are peak-to-peak and measured with 1.0-volt EIA blanking signal. 
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LIST OF PARTS 


VIDEO DISTRIBUTION AMPLIFIER (#8829862-506) 


CAPACITORS: 


Cl 99448 737818-417 paper, 1 wf +10%, 400 v 
C2 Not Used 
C3 210342 8814169-3 paper, 1 wf +10%, 400 v 
C4 Not Used 
C5 99446 258851-5 variable, ceramic, 8-50 uuf 
C6, C7 Not Used 
C8 99340 458558-7 electrolytic, 250 wf 300 v 
c9,C10 Not Used 
Cll 210342 8814169-3 paper, 1 wf +10%, 400 v 
C12 Not Used 
C13 99446 258851-5 variable, ceramic, 8-50 uuf 
C14 Not Used 
C15 99340 458558-7 electrolytic, 250 wf 300 v 
C16 to CIi8 748252-321 mica, 39 wuf +5%, 500 v char “*C” 
C19A/C 99345 458558-12 electroltyic, 40/40/40 wf 450 v 
C20 99447 449633-50 electrolytic, 20 wf 350 v 
C21 214250 737818-415 paper, 0.22 wf +10%, 400 v 
C22 54937 258851-3 variable, ceramic, 10-100 pyf 
C23 Not Used 
C24 748252-321 mica, 39 wuf +5%, 500 v char ‘*C” 
C25 54937 258851-3 variable, ceramic, 10-100 muf 
C26 735715-163 paper, 0.01 wf +10%, 400 v 
C27A,B 34889 95695-39 electrolytic, 20/20 wf 450 v 
Fl 218628 990157-107 Fuse: 3/4 A125 v 
Jl to J7 51800 255223-2 Connector: coax 
J8 99449 427017-6 Connector: male, 6 contact 
J9 54409 845648-2 Connector: tip jack, red 
J10 99215 845648 - 4 Connector: tip jack, blue 
J1l 99214 845648-3 Connector: tip jack, green 
J12 to J14 54409 845648-2 Connector: tip jack, red 
J15 99442 8825493-9 Connector: tip jack, light green 
Pl Connector: coax 

215661 252868-1 Connector - only 

54246 893648-2 Adapter - only, solder type 
P2,P3 210715 8909771-501 Connector: male, coax termination 
P4 Not Used 
P5, P6 Connector: coax 

215661 252868-1 Connector - only 

54246 893648-2 Adapter - only, solder type 
P7 210715 8909771-501 Connector: male, coax termination 
P8 99450 427017-5 Connector: female, 6 contacts 


RESISTORS: 


Fixed, Composition - Unless otherwise specified 


Rl Not Used 

R2 82283-102 2.2 meg +10%, % w 

R3 82283-139 150 ohms, +5%, % w 

R4 82283-143 220 ohms, +5%, % w 

RS 90496-54 220 ohms, +10%, 1 w 

R6 90496-177 5600 ohms, +5%, 1 w 

R7 90496-231 1 meg +5%, 1 w 

R8 82283-146 300 ohms, +5%, % w 

R9 82283-149 390 ohms, +5%, % w 
R10,R11 Not Used ; 
R12 90496-207 100,000 ohms, +5%, T w 
R13 to R15 Not Used 

R16 218370 8971860-405 variable, 500 ohms, +10%, 2 w 
R17 8 2283-50 100 ohms, +10%, % w 
R18 82283 -135 100 ohms, +5%, %w 

R19 to R25 Not Used 

R26 90496-204 75,000 ohms, +5%, 1 w 
R27 90496-73 8200 ohms, +10%, lw 
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R28 Not Used 

R29 99126-78 22,000 ohms, +10%, 2 w 
R30, R31 82283-50 100 ohms, +10%, % w 

R32, R33 90496-142 200 ohms, +5%, lw 
R34,to R43 Not Used 

R44 82283-98 1 meg +10%, % w 

R45 99126-74 10,000 ohms, +10%, 2 w 
R46 746009-27 variable, 5000 ohms, +10%, 2 w 
R47 90496-64 1500 ohms, +10%, 1 w 

R48 82283-54 220 ohms, +10%, % w 

R49 90496-62 1000 ohms, +10%, 1 w 

R50 to R52 Not Used 

R53 90496-192 24,000 ohms, +5%, lw 
R54 82283-142 200 ohms, +5%, % w 

R55 90496-196 36,000 ohms, +5%, 1 w 
R56 Not Used 

R57, R58 458572-57 wire wound, 1800 ohms, +5%, 5 w 
R59 90496-46 47 ohms, +10%, 1 w 

R60 Not Used 

R61 90496- 38 10 ohms, +10%, lw 

R62 216799 990730- 209 film, 121 ohms, +1%, % w 
R63 216800 990733-230 film, 200 ohms, +1%, 1 w 
R64 216799 990730-209 film, 121 ohms, +1%, % w 
R65 216800 990733- 230 film, 200 ohms, +1%, 1 w 
R66 216799 9907 30-209 film, 121 ohms, +1%, % w 
R67 216800 990733- 230 film, 200 ohms, +1%, 1 w 
R68 90496-91 270,000 ohms, +10%, 1 w 
R69 82283-50 100 ohms, +10%, 4% w 

R70 8 2283-135 100 ohms, +5%, 4% w 

R71 82283-91 270,000 ohms, +10%, % w 
R72 82283-57 390 ohms, +10%, 4% w 

R73 99126-78 22,000 ohms, +10%, 2 w 
R74 82283-98 1 meg +10%, ’%w 

Tl 949661-1 Transformer: power 

XF1 99088-2 Holder: fuse 

XK1 737867-18 Socket: relay 

XV1 to XV4 737870-14 Socket: tube, 9 pin 
XV5, XV6 99390-1 Socket: tube, octal 


737867-14 Socket: tube, 7 pin 


XVT, XV8 


Miscellaneous: 
Knob 
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ELECTRONIC RECORDING PRODUCTS 


Control Panel and 
Control Relay Bank 


UNIT 305 


RADIO CORPORATION OF AMERICA 
INDUSTRIAL ELECTRONIC PRODUCTS, CAMDEN, N. J. 


1B-31143 


CP-1 


i975 


Figure CP-1. Control Panel, Front View 
TECHNICAL DATA 


Power Supplied Lamps 
AC: 117 volts, 50/60 cycles*, 5.5 amperes maximum ’ 4—GE type 327 or equivalent. 
(in record mode), from circuit breaker no, 2. 9 — Sylvania type 30B or equivalent. 
DC: 24 volts, 7.6 amperes maximum, from 24 volt dc 1 — GE type 356 or equivalent. 


ower supply (unit 507). ‘ 
P pply ( ) Diodes 


Audio and Cue Input Levels — 5 — 1N2069. 
Audio line in: —10 to +4 VU into 600 ohm balanced 
line matching input. Contact Protectors 


Cue line in: |—10 to +4 VU into 600 ohm balanced 33 — International Rectifier S2V1P or equivalent. 
line matching input. 4 — International Rectifier SSV5P or equivalent. 


Audio and Cue Output Levels Fuses 
Audio line out: +8 VU into 600 ohm balanced line. 5 amp, slo-blo, 3AG (in 117 volt ac line). 
Cue line out: 0 VU into 600 ohm balanced line. 2 amp, 3AG (in 24 volt dc line). 


* The only alteration required for 50 cycle operation of the control panel and control relay bank is the replacement of the head 
hour meter by one which operates on 50 cycle voltage. This replacement is made at the factory on units designated for shipment 
outside the U.S.A. 
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PART I. CONTROL PANEL 


DESCRIPTION 


All controls required to operate the tape recorder 
are centralized at the master control panel, unit 305 
(figure CP-1). Five meters, a small speaker, and indi- 
cator lights are also provided on the control panel 
for use in monitoring or setting up various parameters 
essential to optimum operation of the tape recorder. 
The function of each control and indicator is described 
in the Control and Indicator Functional Chart, The 
operation of relays associated with each control is 
described in Part II (Control Relay Bank). 


NOTE: When operation of the tape recorder from 
a remote location is desired, a remote control panel 
(MI-40716B or MI-40716D), which permits han- 
dling of all basic tape recorder functions, is avail- 
able. (For a detailed description of the remote 
control panel, refer to IB-31106-1). 


All pushbuttons on the control panel, with the ex- 
ception of the release pushbuttons, are illuminated 
when pressed. The lamp behind the RF COPY push- 
button flashes on and off when this pushbutton is 
pressed as an indication that the machine is not in a 
normal mode. The pushbutton controls are inter- 
locked so that opposing modes cannot be entered 
simultaneously. Guards protect the RECORD, 
AUDIO RECORD, and CUE RECORD pushbuttons 
against being accidentally pressed while the machine 
is operating in another mode. 

The Local Mode Switching chart indicates the vari- 
ous operating modes of the machine which may be 
obtained at the local and remote control panels. The 
chart also shows which modes may be entered from 
each individual operating mode. 


LOCAL MODE SWITCHING; 


WIND 


Master RECORD 


AUDIO RECORD 


May be Switched to 


Master AUDIO CUE 
STOP | WIND] pecorD| RECORD| RECORD 
Pepe =] = Te 
EERE 

Se packed se 


SETUP | STANDBY| RF COPY 


CUE RECORD 


PLAY 


SETUP 


STANDBY 


RF COPY 


+ Remote mode switching is identical to local mode switching with the wind mode replaced by fast forward and fast reverse 
modes. In remote mode switching it is also possible to switch from fast forward to fast reverse mode and vice versa. 
There is no provision for placing the machine in standby mode from the remote control panel. However, the machine may 
be placed in standby from the local control panel, in which case any remote control pushbutton except RECORD 


will supersede. 


* Audio record and cue record are always on when machine is in master record mode. 


*% Second mode comes on without dropout of first mode. 


*%* Audio record and cue record may be released separately, except when the machine is in master record mode. If audio or cue 
is on alone, and then released, the machine goes into the playback mode. If audio and cue are on simultaneously, releasing 
one leaves the machine in the other mode; releasing both places the machine in the playback mode. 
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CONTROL AND INDICATOR FUNCTIONAL CHART 


Control Panel Type of Control : : 
Lie Bis dicalor Function of Control or Indicator 


24 volt de lamp (glows red). 


When lit, indicates program is being transmitted. 
NOTE: This indicator requires an external con- 
nection to jack J28 (ON AIR) which is located 
on the connector strip of the control relay bank 
(figure CP-4). 


Pushbutton. 


Instantaneously releases the machine from any mode of 
Operation at any time. 


Pushbutton. 


Places the machine in the playback mode. (The playback 
mode may be entered from any mode except wind.) 


RECORD 


Pushbutton. 


Places the machine in the record mode, Audio and cue 
modes are automatically entered when the RECORD push- 
button is pressed. (The record mode may be entered from 
any mode except standby and wind.) 


AUDIO RECORD 


Pushbutton. 


Allows audio information to be recorded when machine is 
in video playback mode. (The audio record mode is auto- 
matically entered when the machine is placed in the 
record mode.) 


RELEASE (Audio) 


Pushbutton. 


Places the machine in the playback mode if pressed while 
the AUDIO RECORD pushbutton is depressed. Exception: 
the RELEASE pushbutton is ineffective if pressed when 
machine is in the record mode. Also, refer to NOTE under 
CUE RECORD. 


CUE RECORD 


Pushbutton. 


Allows cue information to be recorded when machine is in 
playback mode. (The cue record mode is automatically 
entered when the machine is placed in the record mode.) 
NOTE: Both audio and cue record modes may 
be entered simultaneously, When both modes are 
in use, releasing either mode will leave the 
machine in the remaining mode. 


RELEASE (Cue) 


Pushbutton. 


Places the machine in the playback mode if pressed while 
the CUE RECORD pushbutton is depressed. Exception: 
the RELEASE pushbutton is ineffective if pressed when 
machine is in the record mode. Also, refer to NOTE under 
CUE RECORD. 


Pushbutton. 


Places machine in the record mode while preventing tape 
motion, and keeps headwheel from contact with the tape. 
(The setup mode may be entered from stop or rf copy 
modes only.) 


STANDBY 


Pushbutton. 


Places machine in the playback mode while preventing 
tape motion, and keeps headwheel from contact with the 
tape. (The standby modes may be entered from stop or 
setup modes only.) 


RF COPY 


Pushbutton. 


Places machine in rf copy mode while preventing tape 
motion. 
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CONTROL AND INDICATOR FUNCTIONAL CHART (Continued) 


Places machine in the companion mode when pressed; e.g., 
when RF COPY and PLAY pushbuttons are depressed, 
pressing the RELEASE pushbutton will place the machine 
in the playback mode only. 


RELEASE (RF Copy) Pushbutton. 


Pushbutton. 


Delegates control of the upper and lower reel motors, 
located on the tape transport panel (unit 200), to the 
variable FORWARD/REVERSE control. (The wind mode 
may be entered from any other mode; however, it is not 
possible to enter another mode from the wind mode with- 
out first pressing the STOP pushbutton.) 


FORWARD/REVERSE Variable transformer. Allows manual control of the tape wind speed, in forward 
or reverse direction, when the WIND pushbutton is 
depressed. 

Potentiometer. Adjusts capstan phasing so that the video heads are 

PHASE properly centered over the recorded video tracks during 
playback. 

LOCAL/REMOTE Two-position toggle switch; Centrol of the various modes of operation of the machine 


is delegated to the remote control panel when the switch 
is placed in REMOTE position. Control of the various 
modes is retained by the master control panel when the 
switch is placed in LOCAL position. The switch position 
is indicated by the illumination of one of the two tally 


lights. 
Two-position toggle switch; Switch determines whether the vacuum guide will be con- 


two 24 volt dc lamps (tally 


| CONTROL TRACK 
lights). 


two 24 volt dc lamps (tally trolled automatically (AUTOMATIC position), or man- 

lights). ually (MANUAL position) by the GUIDE POSITION 
PLAY knob. The switch position is indicated by the 
illumination of one of the two tally lights. (The AUTO- 
MATIC position of the switch is operative only in the 
playback mode.) 


GUIDE POSITION 


RECORD knob (outer knob) permits manual adjustment 
of the vacuum guide position when the machine is in the 
record mode. Once set, the knob may be secured by the 
rotating locking-lever. 


Dual, concentric potentiometer. 


PLAY knob permits adjustment of the vacuum guide posi- 
tion when the machine is in the playback mode, and is 
independent of the RECORD knob setting. 


CAPSTAN SPEED Potentiometer, combined with Permits control of the capstan speed when pressed in and 
momentary pushbutton switch. rotated. (Operative in the playback mode only.) 
CONTROL TRACK Meter. Monitors control track head current. 


NORMAL/MOD-DEMOD Two-position toggle switch. MOD-DEMOD position energizes modulator and demodu- 
lator relays so that a picture may be obtained on the 


picture monitor through the modulator-demodulator with- 
out tape motion and without energizing the headwheel 
motor of capstan motor. 


ste 
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CONTROL AND INDICATOR FUNCTIONAL CHART (Continued) 


C 
Coe Fane! tye 0) : ontrol Function of Control or Indicator 
Designation or Indicator 


PLAY LOCK Two-pesition toggle switch. Switch permits locking the system to local sync (GEN 
GEN SYNC/LINE SYNC SYNC) or the 60 cycle line (LINE SYNC), when the 
machine is in the playback mode. 


REC LOCK 
SIG SYNC/GEN SYNC 


Switch permits locking the system to separated sync from 
the 2 x 1 switcher (SIG SYNC) or to local sync (GEN 
SYNC), when the machine is in the record mode. 


Two-pesition toggle switch. 


Selects an individual video head current (1, 2, 3, 4), or 
the total video head current (TOTAL), to be monitored 
by the RECORD CURRENT meter during the record 
mode of operation. 


RECORD CURRENT 
been selected by the VIDEO METER SEL switch during 


VIDEO METER SEL | Five position wafer switch. 
| the record mode of operation. 


Meter. | Indicates the current value of the video head which has | 


SPEAKER VOL Dual potentiometer. Controls the output level of the monitor speaker. 


SELECTOR SPEAKER 
& METER 


Seven position wafer switch. 
the AUDIO/CUE meter and speaker as follows: 


INPUT: Program input level. 


REC/PLAY: Recording level when the machine is in the 
record mode; output level when machine is 
in the playback mode. 


ERASE: Audio or cue erase head current (in record 
or setup modes only) on AUDIO/CUE 
meter. Speaker remains in REC/PLAY 


Selects AUDIO or CUE information to be monitored by 
mode. 


taneous playback as indicated on the AUDIO/CUE meter 
with SELECTOR switch in AUDIO REC/PLAY position. 
(Does not affect the monitor level.) 


AUDIO RECORD LEVEL Attenuator. Varies the speaker output level, and also the level of the 
audio signal to the audio record head as indicated on 
the AUDIO/CUE meter with SELECTOR switch in 


AUDIO REC/PLAY position. 


CUE PLAY LEVEL Attenuator. Varies the cue level during playback mode as indicated 
on the AUDIO/CUE meter with SELECTOR switch in 


CUE. REC/PLAY position. 


CUE RECORD LEVEL Attenuator. Varies thé speaker output level, and also the level of the 
cue signal to the cue record head as indicated on the 
AUDIO/CUE meter with SELECTOR switch in the CUE 


REC/PLAY position. 


eS ee a 


AUDIO/CUE ASA VU meter. Indicates AUDIO or CUE information selected by the 
SELECTOR SPEAKER & METER switch. 
AUDIO PLAY LEVEL Attenuator. Varies the audio output level during playback or simul- 


MASTER ERASE Meter. Indicates the voltage developed across the erase head. 


HEAD HOURS Elapsed time meter. Continuously records the time, in hours, during which the 


video heads are in use (playback or record modes). 
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PART II. CONTROL RELAY BANK 


DESCRIPTION 


Most of the relays which are activated by the con- 
trol panel pushbuttons and switches are mounted on 
the control relay bank chassis and the auxiliary relay 
bank. The control relay bank chassis (figures CP-3 
and CP-4) is located behind the control panel and is 
hinged so that it may be swung outward away from 
the rack, providing easy access to the inner side of the 
relay bank chassis, the rear of the control panel, and 
the auxiliary relay bank (mounted on the left-hand 
side of the rack, between the control panel and the 
control relay bank, as shown in figure CP-5). Remov- 
able covers are provided on both sides of the control 
relay bank chassis to protect the relays from dust 
and dirt. 

Connections from the control panel to the control 
relay bank are made through jacks J35 and J36 on 
the relay bank chassis (figure CP-3). Cable connector 
plugs and jacks are mounted in two rows beneath 
the relay bank assembly (the bottom row is actually 
mounted on the control panel chassis), to accommo- 
date external connections to the control panel and 
relay bank. Mounted along the left-hand edge of the 
rear of the relay bank chassis are the 117 volt ac 
and 24 volt dc receptacles (J32 and J33), two fuses 
(one in each voltage line), the remote control panel 
cable receptacle (J34), and adjustable resistors R11 
and R12 (which are used in varying the upper and 
lower tape reel motor voltages as described in the 
section on Maintenance). 

Relays K35, K36, K37, and K38 have adjustable 
time-delays which have been set to nominal values at 
the factory (see Time Delay Relay Chart), but which 
may be adjusted for longer or shorter delays if de- 
sired. An Amperite Type 26F90T flasher (S29) is 
also mounted on the relay bank chassis (figure CP-3), 
the purpose of which is to cause the lamp behind the 
RF COPY pushbutton to flash on and off when this 
pushbutton is pressed. 


Components mounted on the auxiliary relay bank 
(figure CP-5) consist of transformer T2, time-delay 
relay K38, plug-in relay K39, and jack J41. All con- 
nections to the auxiliary relay bank are made through 
jack J41. 


Circuits 

The operation of the various relay circuits may be 
best understood by referring to the relay ladder dia- 
grams and accompanying Relay Functional Chart 
which follow the section on Maintenance. However, 
the operation of the air pump timer circuit is described 
here because of the time-delay circuits involved: 


When power is applied to the machine, relay K18 
remains deenergized allowing the air pump to operate. 
(The air pump relay is energized when contacts 7 
and 8 of K18 are closed, as shown on the schematic 
diagram, figure CP-13.) Simultaneously, relays K35 
and K36 are energized through the closed contacts 
of relays K34 and K18. After 5 seconds relay K35 
operates, thus energizing the air valve, which in turn 
cuts off air to the air guides. After 40 seconds relay 
K36 operates, thus energizing relay K18. When K18 
is energized it locks itself on through other relay con- 
tacts. At the same time ac voltage is cut off relays 
K35 and K36 and the air pump relay is deenergized, 
thus cutting off the air. As long as the machine is in 
the STOP mode, after the initial period, these relays 
remain in this condition. Stopping after any mode 
will recycle the pump and relay operation as described. 
Going to any mode from STOP immediately turns 
on the air pump and opens up the air guide valve 
cutoff. 

The Control Chart for Individual Units (Condition 
of Relays, Solenoids, or Motors During Each Oper- 
ating mode) indicates the condition of relays, sole- 
noids, or motors of individual units during the various 
tape recorder modes of operation. 


TIME DELAY RELAY CHART 


Air Valve Timer 


Time* P. Time Del ; 
Relay No. Relay Designation Delay 'urpose of Time Delay 


To prevent the air valve from cutting off the air to the air guides 
for 5 seconds after the STOP pushbutton is pressed, thereby 
allowing for tape “coasting time” when switching from FAST 
FORWARD or FAST REVERSE modes to STOP mode. 


K36 Air Pump Timer 


To cut off the air pump 40 seconds after the STOP pushbutton 
has been pressed. 


K37 Guide Timer 


To hold vacuum guide off the tape until headwheel has had time 
to lock-in 


K38 (on 
auxiliary 
relay bank) 


Lower Reel Time Delay 


* Time delay in seconds (nominal). 


To allow the lower tape reel motor sufficient time to develop 
the torque required to overcome the inertia of a heavily loaded 
tape reel. 


CONTROL CHART FOR INDIVIDUAL UNITS 
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(CONDITION OF RELAYS, SOLENOIDS, OR MOTORS DURING 


EACH OPERATING MODE) 


| ; OPERATING MODES - 
Master AUDIO} CUE RF MOD- 
[ae eee RE RECORD) PLAY RECORD} RECORD SETUP STanvey, core STOP] DEMOD ad NOTES 
MODULATOR t 
K1 E D D D E D D | D | E 
RECORD AMPLIFIER 
Kl E D D D E D E D D 
ose | 1 =} +— + 
VIDEO PREAMPLIFIER 
K1 E | D D | D [TE D E D D 
TAPE TRANSPORT PANEL 
Reel Brake Solenoid E E E E p! p! p' | p! p' | ‘overridden by foot switch. 
Capstan Roller Solenoid E E E E D D D D D 
Guide Solenoid (1 sec. 
delay, approximately) E E E E D D D D D 
Reel Motors E E E E D D D D D 
4 + + + + + 
DEMODULATOR 
Ki E D D D E D E D E 
K2 E D D D E D D D D 
k3 D D D D D D D D D 
4 + + + + 
AUDIO PANEL | 
K1,K2,K3 E2 D E D E2 D D D D Relays Ki and K4 (muting relays) 
K4, K5, K6 gE2 | p D E E2 D pip D are energized momentarily when 
going to or from a record mode. 
HEADWHEEL BLOWER MOTOR E E E E E E E D D 
4 4 1 4 1 | 
CONTROL PANEL 
Head Hour Meter E E E E D D D D D 
Guide Position (K40) | E D D D E D D D D 
PROCESSING AMPLIFIER 
Kl D D | D D D D D D D jeetay operates in color mode only 
T T T T 
2 X | SWITCHER 
Kl D D D D D D D D D 
+ + L +- 4 
CAPSTAN SERVO 
Kl E D D D E D D D D 
K2 E D D D E D D D D 
K3 D p3 D D D D D D D 3mnergized by depressing CAPSTAN 
SPEED knob on control panel. 
K5 E D D D E D D D D 
K6 E E E E E E E D D 
_ 4 4 | 
REFERENCE GENERATOR 
K1 E4 D D D K4 D p |p D 4 When using generator sync (GEN 
SYNC) relay is de-energized 
K2 D p°® D D D p° D | »D D SWhen using line sync (LINE SYNC) 
| ai relay is energized. mI 
4 
HEADWHEEL SERVO 
| Kl E E E E E E E D D 
GUIDE SERVO 6 6 6 6 
K1 D E E E D D D D D Overridden by GUIDE POSITION 
switch on control panel (MANUAL 
position). 
AIR PUMP E E E i E E | E E | D [7 suuts off after 40 second delay. 
COLOR OPERATION | 
a 
PROCESSING AMPLIFIER : 
K1 E E E E E D D D E Interlocked by manual switches 
5K1 E D D D E D D D E Interlocked by manual switches. 
5K2 E E E [ E E D D D E Dependent upon presence of burst. 
CHROMA PROCESSOR 
K1 E E E | E E E D D E Interlocked by manual switches. 
CODES: E - Energized. 


D - De-energized. 


* RF Copy mode only. Any combination of the RF Copy mode with another mode will modify the relay conditions. 
** May override Wind, Stop, or Standby modes as shown. 
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Figure CP-3. Control Relay Bank, 


CONTROL RELAY BANK 
MAINTENANCE 


General 

Since the control relay bank components consist 
primarily of electro-mechanical devices, care must be 
taken to guard against loose connections and poor 
contacts. All connectors should be secured, and the 
covers which are fastened to the inner and outer sides 
of the control relay bank chassis should be kept in 
place so that the relays are protected against dust and 
dirt. 


As previously noted, the control relay bank chassis 
is hinged so that it may be swung outward away from 
the rack after the removal of three thumb-screws 
along the right-hand edge. This facilitates component 
checking or replacement on the inner side of the relay 


Inner View (Cover Removed) 


bank chassis, and also provides access to the auxiliary 
relay bank and the rear of the control panel. 


24 Volt DC Relay Voltage 


The 24 volt dc power supplied to the control relay 
bank is connected with the positive side grounded 
at the power supply. (This is the only ground con- 
nection in the control circuitry.) Most of the relay 
switching occurs on the ground side, so that an acci- 
dental short circuit will in all probability cause a relay 
to operate, thus preventing the power supply from 
drawing excessive current. The negative side of the 
power supply can be connected to ground instead of 
the positive side; however, in this case a short circuit 
will cause the relay wiring to become overheated. 
Electrolytic capacitors used in the control relay bank 
are not affected by reversing the ground connection. 
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K24 K9 K4 K25 K8  K3 


11965 
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Figure CP-4. Control Relay Bank, Outer View (Cover Removed) 


Tape Reel Motor Voltage Adjustments 

With the machine in playback mode, place empty 
tape reels on the upper and lower tape reel hubs and 
adjust upper and lower tape reel motor voltages, 
utilizing adjustable resistors R11 and R12, as follows: 


Upper Reel Motor. (With the machine in play- 
back mode the upper reel motor will run in a clock- 


wise direction.) 


1, Wrap a short length of old tape around the 
hub of the empty reel and attach a spring-scale to 
the loose end. 


2. Adjust resistor R11 until the motor produces 
10 ounces of pull as measured on the spring scale. 


3. Measure the voltage across terminals 2 and 3 
of terminal board TB1 (at the rear of the reel motor). 
The voltage should be approximately 45 volts ac. 


Lower Reel Motor. (With the machine in playback 
mode the lower reel motor will run in a counterclock- 
wise direction). 


1, Wrap a short length of old tape around the hub 
of the empty reel and attach a spring-scale to the 
loose end. — 


2. Adjust resistor R12 until the motor produces 20 
ounces of pull as measured on the spring-scale, 


3. Measure the voltage across terminals 2 and 3 
of terminal board TB2 (at the rear of the reel motor). 
The voltage should be approximately 65 volts ac. 
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Figure CP-5. Auxiliary Relay Bank 


Relay Maintenance 

Relays or relay contacts should not be cleaned or 
disturbed unless evidence of improper relay operation 
exists. If it becomes necessary to clean the relay con- 
tacts, a good grade of cardboard (such as that used 
for calling cards) should be used to burnish the con- 
tacts. In cases of severe pitting a burnishing tool may 


be used to clean the relay contacts, or, if the burnish- 
ing tool is not available, a fine grade of crocus cloth 
may be used. 


The Relay Functional Chart and relay ladder dia- 
grams are presented as an aid in understanding the 
operation of the various relays as well as a guide to 
trouble-shooting the control relay bank, 
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LIST OF PARTS 


Description 


CONTROL RELAY BANK (8511093-501 ) 


Cl Not Used 

C2 78927 984655-10 Capacitor: electrolytic, 20 nf 50 v 

C3, C4 8970812-1 Capacitor: paper, 0.22 wf 600 v 

C5 Not Used 

C6 221790 8958264-41 Capacitor: electrolytic, 500 wf 50 v 

C7 218097 8976580-1 Capacitor: ceramic, 0.1 uf -20 +80%, 500 v 
CRI to CR9 219261 8981614-102 Diode: contact protector 

CR10 Not Used 

CR11 to CR19 219261 8981614-102 Diode: contact protector 

CR20 Not Used 


CR21 to CR34 219261 8981614-102 Diode: contact protector 


CR35 to CR37 219260 8981614-5 Diode: contact protector 

CR38 Not Used 

CR39 219260 8981614-5 Diode: contact protector 

CR40 Not Used 

CR41 to CR43 218612 Diode: type 1N2069 

CR44, CR45 Not Used 

CR46 218612 Diode: type 1N2069 

Fl 94802 990157-113 Fuse: 5 amp 125 v slo-blo 

F2 3883 990157-10 Fuse: 2 amp 250 v 

Jl to J20 Not Used 

J21 219314 474827-47 Connector: female, 18 contact 
J22 219312 474827-36 Connector: female, 7 contact 
J23 219313 474827-41 Connector: female, 11 contact 
J24 to J26 43671 182 271-1 Connector: female, 2 contact 
J27 222652 8978091-21 Connector: female, 4 contact 
J28 211510 481799-2 Connector: female, 2 contact 
J29 219779 8978091-15 Connector: female, 5 contact 
J30 219293 8978091-3 Connector: female, 6 contact 
J31 95182 458540-5 Connector: female, 3 contact 
J32 210267 8887007-1 Connector: male, 3 contact 
J33 219316 8978091-7 Connector: male, 3 contact 
J34 221792 8442587-2 Connector: male, 32 contact 
J35 221791 474827-71 Connector: female, 24 contact 
J 36 219315 474827-48 Connector: female, 34 contact 
J37 to J40 Not Used 

J41 221795 8978092-3 Connector: male, 12 contact 
Kl to K9 221860 8515279-1 Relay: 24 v D.C. 

K10 Not Used 

Kll to K34 221793 84488 46-1 Relay: 24 v D.C. 

K35 218274 8439074-1 Relay: timer, 115 v 60 cycle, max. delay 6 sec 
K36 221789 8439074-3 Relay: timer, 115 v 60 cycle, max. delay 1 min 
K37 218274 8439074-1 Relay: timer, 115 v 60 cycle, max. delay 6 sec 
K38 218274 8439074-1 Relay: timer, 115 v 60 cycle, max. delay 6 sec 
K39 221799 460355-11 Relay: 115 v 

Pl to P20 Not Used 

P21 219303 474827-44 Connector: male, 18 contact 
P22 219543, 474827-57 Connector: male, 7 contact 
P23 219542 474827-56 Connector: male, 11 contact 
P24 to P26 43670 253979-5 Connector: male, 2 contact 
P27 219534 8978091-5 Connector: male, 4 contact 
P28 211509 481799-1 Connector: male, 2 contact 
P29 220146 8978091-16 Connector: male, 5 contact 
P30 219535 8978091-6 Connector: male, 6 contact 
P31 95180 458540-1 Connector: male, 3 contact 
P32 210467 8916577-1 Connector: female, 3 contact 
P33 219548 8978091-8 Connector: female, 3 contact 
P34 222416 8442587-1 Connector: female, 32 contact 
P35 to P40 Not Used 

P41 221794 8978092-2 Connector: female, 12 contact 
Rl to R10 Not Used 

R11, R12 52716 427491-47 Resistor: wire wound, 25 ohms, 50 w 
R13 82283-46 Resistor: 47 ohms, +10%, %w 


Sl to S28 Not Used 


Switch 
Not Used 


$29 218263 8978063-1 


T2 221800 8460212-1 Transformer: isolation 
XF1, XF2 48894 99088-2 

XK1 to XK38 

XK39 68590 99100-4 

XS1 to XS28 

XS29 94926 737870-14 Socket: tube, 9 contact 


CONTROL PANEL (851 1463-501 ) 


AT1 to AT4 218256 8439047-1 Attenuator: 600/600 ohms 

Cl to C10 Not Used 

Cli 8924416-325 Capacitor: mica, 4700 puf +5%, 300 v char ‘“*F” 
CR1 to CR39 Not Used 

CR40 219261 8981614-102 |Diode: contact protector 

CR41 to CR44 Not Used 

CR45 218612 Diode: type 1N2069 

DS1, DS2 95439 145709-8 Lamp: indicator 


Not Used 


DS5 to DS9 95439 145709-8 indicator 

DS10 

DS11A/B 207238 8890654-2 

DS12 to DS23 

DS24,DS25 95439 145709-8 

DS26 ,DS27 

DS28 51462 849546-14 24 v 

DS29 to DS31 

DS32A/B 207238 8890654-2 Lamp: 28 v 

Jl 219304 474827-59 Connector: male, 9 contact 
J2 219299 4748 27-33 Connector: female, 9 contact 
J3 219300 474827-34 Connector: male, 11 contact 
J4 213288 8720082-1 Connector: female, 3 contact 
J5 219301 474827-35 Connector: male, 9 contact 
J6 219308 8439039-2 Connector: female, 3 contact 
J7 203821 458540-9 Connector: male, 3 contact 
Jg 219297 458540-20 Connector: male, 4 contact 
J9 219298 474827-32 Connector: male, 7 contact 
J10 219311 8978091-9 Connector: male, 3 contact 
J1i 219309 8720082-4 Connector: female, 4 contact 
J12 219310 8720082-5 Connector: male, 4 contact 
J13 219307 8439039-1 Connector: male, 3 contact 
J14 219294 8720082-2 Connector: male, 3 contact 
J15 219306 474827-63 Connector: male, 20 contact 
J16 219302 474827-42 Connector: female, 14 contact 


Not Used 


K40 206744 460355-2 Relay 

LS1 76188 145141-1 Speaker: PM 3-1/2" square 

M1 218164 48 4363-6 Meter: 0-1 scale 

M2 218285 484363-7 Meter: 0-200 MA 

M3 218286 48 4363-11 Meter: VU -20 to +3 scale 

M4 218164 484363-6 Meter: 0-1 scale 

MS 53179 448347-3 Meter: elapsed time 

Pl 219544 474827-60 Connector: female, 9 contact 

P2 219537 474827-3 Connector: male, 9 contact 

P3 219538 474827 -38 Connector: female, 11 contact 

P4 219532 8720082-3 Connector: male, 3 contact 

P5 219539 474827-39 Connector: female, 9 contact 

P6 207408 8439039-4 Connector: male, 3 contact 

P7 56539 458540-7 Connector: female, 3 contact 

P8 219536 458540-16 Connector: female, 4 contact 

P9 219540 474827-40 Connector: female, 7 contact 

P10 219549 8978091-10 Connector: female, 3 contact 

Pll 219546 8720082-7 Connector: male, 4 contact 
219547 8720082-8 Connector: female, 4 contact 
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$20 to S23 
$24,825 

S26 

$27 to S31 
$32 

Tl 

XDS1 to XDS10 
XDS11A/B 


XDS12 To XDS27 
XDS28 
XDS29 to XDS31 


XDS3 2A 


XDS32B 


XK1 to XK39 
XK40 


207357 
52806A 
219545 
219541 


221796 
219305 
221798 
218284 


95243 


57402 
218277 
206023 


219650 


219650 


221805 
218280 
218279 
218282 
221805 
218282 
221805 
218282 


219650 
221805 


221805 
218276 


210554 


205187 


210554 


210554 


68590 


219651 
219652 
219653 
219654 
219655 
221797 
215876 
30075 

221807 
221808 
221806 
221809 


8439039-3 
8720082-6 
474827-64 
474827-43 


474827-70 
474827-61 
737881-4 

8439027-1 


8971860-14 


8971860-116 
990730-401 
427966-10 
82283-74 
90496-172 
82283-54 
8439043-16 


8439043-16 


8461425-1 
8439066-1 
8439067-1 
8978045-2 
8461425-1 
8978045-2 
8461425-1 
8978045-2 


8439043-16 
8461425-1 


8461425-1 
8720093-1 


8943520-86 
8943520-386 
8867474-1 
8943520-86 


8943520- 386 
8943520-85 


8943520- 385 


99100-4 


8446123-1 
8446123-2 
8446123-3 
8446123-4 
8446123-5 
8446123-7 
721336-502 
712336-507 
8514484-1 
8515249-1 
8514483-1 
8514482-501 


3 ow 


Knob: 
Knob: 
Knob: 
Knob: 
Lever: 
Spacer 


Connector: 
Connector: 
Connector: 
Connector: male, 
Not Used 

Connector: male, 
Connector: male, 
Resistor: 
Resistor: 


| Resistor: 


Resistor: 
Resistor: fixed, 
Resistor: 
Resistor: fixed, 
| Resistor: 
Resistor: 
Switch: 
Not Used 
Switch: 
Not Used 
Switch: 
Switch: 
Switch: 


Switch: 
Switch: 
Not Used 
Switch: 
Transformer: 
Not Used 
Socket: 
Socket only 
Jewel only (white) 
Not Used 


Miscellaneous: 
Button: 
Button: 
Button: 
Button: 
Button: 
Button: 


variable, 


female, 3 contact 
female, 3 contact 
female, 20 contact 


14 contact 


24 contact 
34 contact 


variable, 100,000 ohms, +10%, 2 


variable, 250,000 ohms, +10%, 2 w 


variable, 10,000/10,000 ohms, +10%, 3 w 
wire wound, 25,000 ohms, +5%, 


comp., 10,000 ohms, +1%, Yww 


pushbutton, less colored button 


pushbutton, less colored button 


toggle 


rotary, single section, 5 position 


rotary, 4 section, 7 position 


Switch: micro 
Switch: toggle 
Switch: micro 
Switch: toggle 
Switch: micro 
Not Used 


pushbutton, less colored button 


toggle 


toggle 


lamp 


Socket: lamp 
Not Used 
Socket: lamp 


Socket only 
Jewel only - white 
Socket: 
Socket only 
Jewel only - amber 
Not Used 
Socket: 


lamp 


relay 


variable 


push, red, small 
push, white 

light green, large 
push, amber 

red, large 

light green, small 


for Tl 


control, black (9 used) 


record 
play 


for record and play knob 


Assembly: 


for record and play knob 


variable, comp., 300/300 ohms, +20%, 2 w 
comp., 10,000 ohms, +10%, 

fixed, comp., 3600 ohms, 15%, 1 w 
fixed, comp., 220 ohms, +10%, % w 


ow 


CP-16 


RELAY FUNCTIONAL CHART (RECORD MODE) 


De-energizes 
Re lay Number Ener gizes Circuit Through 

& Designation Energized By Re lay | or Relay | Electrical Components Controlled |Connector Notes __ 

K32 LOCAL- $32 All mode switches in REMOTE J34 Delegates control to 

REMOTE (local STOP and STANDBY still local or remote 

function). control panel. 

K5 MASTER S5B, thru S1B, K6,K7,K23, | K8, thru K6,| RECORD light (DS5); remote J34-13 

RECORD S2B contacts. K33, K20 K7 contacts.} RECORD light. 

K6 AUDIO K5 K11 (K15 AUDIO light (DS6); remote AUDIO J34-21 | Cannot be released 

RECORD thru S16B light. by AUDIO RELEASE 
overridden when in RECORD mode. 

| by K5). 

K7 CUE RECORD K5 K12 (K14 CUE light (DST); remote CUE J34-24 | Cannot be released 
thru Si7B light. by CUE RELEASE when 
overriden in RECORD mode. 

ad KS). 

K11 AUDIO HEAD K6 | Audio Panel (204) K3,K2,K1 J23-L | Transfers audio 

TRANSFER (mutes going into or out of head. 

RECORD mode). 
o> 
K12 CUE HEAD K7 Audio Panel (204) K6,K5,K4 J23-C | Transfers cue head. 
TRANSFER (mutes going into or out of 
4 RECORD mode). 
ot 
K23 RECORD AUX K5 K26, K40 815 Capstan Servo (404) K1,K2. J15-U 
Video Preamplifier (203) K1. J26-2 
Record Amplifier (104) K1. J25-2 
Reference Generator (407) K1,K2, J22-F 
K5, (thru S18). 
K26 RECORD AUX K23 Modulator (102) Kl, thru K9 con-| J24-2 
tacts. 
Demodulator (201) K2. J27-3 
Processing Amplifier (308) 5K2. J29-2 
Demodulator (201) S2c. J29-4 
| Demodulator (201) K1. J27-2 

K33 RUN/WIND K5, thru K1 K34, K21, K24 ee C6 charge 

contacts. K17, K37 circuit. 

K34 RUN/WIND K33 K37 K24,K18, HEAD HOUR meter (AC-LO) thru J35-D 

POWER K35, K36 K20 contacts. 

HEAD HOUR meter (AC-HI). 335-¢ | 

K20 PLAY/RECORD K5 kK1i9, K31 HEAD HOUR meter (AC-LO) thru 

K34 contacts. 
K21** MOMENTARY|C6 discharge K31 (see Delays energizing 
DELAY thru K33 note). approximately 1/4 
contacts. second. 
+ 
K17 HEADWHEEL |K33, thru K27 Local STOP | Capstan Servo (404) K1,K2,K3,K6 J15-R 
contacts. light (DS1);| (common negative). 
a STOP | Headwheel Servo (504) Kl. J31-2 
ight. 
Capstan Servo (404) K6(motor). J15-X 
Headwheel Blower (208) AC-HI. J30-3 L 
K40 GUIDE K23 R1-B R1-A to Guide Servo (506) Pl. J16-P/R 
CONTROL 
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RELAY FUNCTIONAL CHART (RECORD MODE) Cont'd 


Relay Number 
& Designatton_ ull 


K37** GUIDE 
TIMER 


K34,K33, thru 
K22 contacts. 


K22** GUIDE 
TIMER AUX 


K19 CAPSTAN 
PRESSURE 
ROLLER 


K31 RUN K20, thru K21 
contacts. 

el 

K36* AIR PUMP K34, thru K18 

TIMER and K27 con- 
tacts, after 
STOP. 


oe 


K20(+), K34(-). 


K38 


T 


De-energizes 
Energizes Circuit 
Relay | or Relay 
K22 after 
time 
delay. 
K37 


Tape Transport Panel (200): 
Guide solenoid (L4), thru K4, 
K3,K2 contacts. 

Shorts Si (tape break switch) 
for duration of K37 time 
delay. 


Through 


Electrical Components Controlled| Connector | __ 


1/4 second time 


K18 after 
40 second 


time delay, 


K35* AIR VALVE (In parallel 
TIMER with K36. ) 


+ 


Demodulator (201) S2Cc. J29-4 
Tape Transport Panel (200): 
Capstan roller solenoid (L3), 
thru K21 contacts. delay. 
Tape Transport Panel (200): 
Reel brake solenoids (L1,L2). J21-N/P 
Reel motors 
B2 J21-E 
Bl J21-C 
Common J21-D 


Energizes air valve (at termi- 
nal board 1TB2 in rack 1) 
4 seconds after STOP. 


Headwheel Blower (208) AC-LO. 


Lower reel motor voltage thru 


J41-3,5 


K18 de-energized. 


K18* AIR PUMP K36 and K34, K36,K35, Air Pump (509) KI. 
thru K27 40 seconds 
contacts. after STOP. 
————EE———=— 1 
K38** LOWER K19, thru K39 | K39, after 
REEL TIME DELAY | contacts. 2 second R12, 
delay. 
K39** LOWER K38, thru K39 K38 
REEL AUX contacts 


* See Control Relay Bank circuit description. 


** Note time delay involved. 


CP-17 


% TIME OELAY INVOLVED 


ue te a REMOTE RECORD #H KQ CONTACTS REVERSED WHEN IN RECORD- RF COPY (SEE RF COPY LADDER ) AC 
N7V +24V a SWITCH #3 XK CIRCUIT CHANGE AT THESE POINTS WHEN AIR: BEARING KIT ADDED. : on TV 
LO (GND) AH INDICATES OPEN BELAY CONTACTS DURING MODE Hi 
RECORD Vv, RECORD INDICATES CLOSED RELAY CONTACTS 
J32 J33 HE DURING MODE, TAPE ' 
h 42 STOP Ss B KS5 BREAK STOP HET 2. See 
W396, SIB. 36 ees 136 2 Fuc J36 K25 Ka K3 K2 v2! KI J2i Boos; V2! J35 SIA 
Fy pil eH Shp Sip4 gS Tyy 3144 Hee ——a_y >>£—eF< <——~—-_=,_ > — > 
K4 me JAPE 
aay K22™ BREAK 
445 SHORTING 
Fi 
SA SB 
K20 #2068 as 
De —K}k - , ,4/3 O 
KK (FOR MI-40786, 40787 AIR BEARING WITS) 
KB PLAY Be co. 
! 2 ~~! EMOTE. 
el ae “Se BAY 
PLAYLIGHT LIGHT 
16/7 J3G ew ()) psa 
718 MODE LIGHTS 
RECORD 
DS5 
36 3G 
ism 3 eM) » ae 2A 
-&— 4) VIE BDSG | AUDIO F2 
<< 
| | 718 pas 
| Usa. 
22)|.28 | REMOTE 
PCa AUDIO HEAD —<<3—0 RECORD 
| [Bilera 13 14 TRANSFER LIGHT 
| rz Vv 
M Y 
ee | CC _ ee. i. 
u ae Ria 23 >TO AUDIO Sod Ke, - 
| | si —— Kia CUE HEAD << Rec 
— 1 TRANSFER, a 
| | ; ! ——<er am 
| | | mye PLAY 
£1 s ee “TO AUDIO PANEL 
| 10 MH | Bo A Re 204 KG,KS, K4- 
<2!_» REMOTE AUDIO REC 
10 ley J34. LIGHT 
| AUDIO <a CREMOTE CUE REC 
3 22\,-23 | 5 2168. yn Kid RELEASE LIGHT 
inte i a, a = eo 
41\G H | 22 |p 23 83 SITB_¢ Y35 ia AyHls 124-10 
| | WeNNKE3 REC See T° 
3 iy iA ee se 14 AUX 
| RUN / WIND M936 SIS J36 J22 REF GEN 
| KI K33 Ly 2 ee ee YUsy OT KK? 
19 |-20 Ci Le IB 14. rt 
‘ ee) LAG ay YI5 y CAPSTAN 
PLAY /REC pi < <— SERVO 
Kt Ke K3 K4 | | K20 eh oe Ke 
1G), 9 22), 20 22),-2} 22) 2! 25)|,26 13 14. <4 —oviDEo 
{ en (aan i a UIDE S26 PREAMP 
| : | 2 Kap SONTROL rete <0 705K) 
* * | REC 
l KI KS #48 3 104 Kl 
4 |\5 Zyp22  25)12 ! | errant <—Ssts 
| | tone. 
| 50G P| 
| j 10 (p42 pa lock S18 a 237 J22 . REF GEN 
| = c % REC - <<E O'407 Ki, 
| 2,48 | aa Kae ane ~—<<5—0K2 55 
War ; 1 
edie |e | KkOo** —o, 
(sb3 kK24¢ IS )I6 J2d 28 x 


K27 a, ye i : ia 23)" W273 O. 2 
Lys $14 CSA 1Oii2. ! ; "| 27-2 Beuoe 


CAPST: vn Ki9 4ib6 : » 25 VIR fpRoc 
sal 6 ROLLE ay 2) |" weg 308 5K2 
79 KI3 DEMOD 
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tye 3 " a ae 9.9 20!" S2e 
3 ——__«<<*""% RELAY 
RUN/ WIND] 

4j'L6 13 A K34 POWER ~ Kol] KS * COMMON 


iV K27 Ki 7 HEAD- 16 17 5 “- DEMOD 
BiL7 | 13.A—a,. WHEEL | p<<—ox8 ies 


Vv HI | RUN sad CAPS TAN 
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LS ize 


: 
reg it : SET UP 
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Figure CP-6. Control Ladder Diagram with Machine in Master REGORD Mode 


RELAY FUNCTIONAL CHART (PLAY MODE) 


T pean = 7 
| De-energizes | 
Relay Number Energizes Circuit Through 
& Designation Energized By Re lay or Relay | Electrical Components Controlled) Connector Notes 
a = — —— ~ 4 sat a aaa =.= ————--- _— — tO oe oe EE = | 
K32 LOCAL- $32 All mode switches in REMOTE J34 Delegates control to 
REMOTE (local STOP and STANDBY still local or remote con- 
4 bs function). a: trol panel. oe 
K13 PLAY S8, thru K5, K8 | K6,K7,K11 |PLAY light (DS8). J36-J 
K2, K32, K1_ con- Kl2. 
tacts. | 
————— —T ————_ a = 
K8 PLAY K13 K33,K20 K5, S26 )}Remote PLAY light. 1 J34-15 
i L — al: | Guide Servo (506) K3. J16-H t = 
K33 RUN/WIND K8, thru Kl K34, K21, K24 ai Opens C6 charge 
contacts. x | K17,K97.| circuit... 
|K34 RUN/WIND j K33 K37 K24, K18, HEAD HOUR meter (AC-LO) thru J35-C 
POWER | K35, K36, K20 contacts. 
EAD HOUR mete AC-HT). J35-D 
L | Hi ) HOU meter ( H: ) SSB} 4} P J 
K20 PLAY/RECORD K8 K19, K31 HEAD HOUR meter thru K34 con- 
| | tacts. | 
+——— ; : 
K21** MOMENTARY | C6 discharge K31 (see Delays energizing 
DELAY | thru K33 con- note). approximately 1/4 
| tacts. | I. | second. J 
K17 HEADWHEEL K33, thru K27 | Local STOP |Headwheel Servo (504) KI. J31-2 
| enteaie: light (DS1). |Headwheel Blower (208) AC-HT. J30-3 
Remote 
STOP light. Capstan Servo (404) K6 (motor); J15-X 
K1,K2,K3,K6 (common negative). J15-R | 
= = oo LE y [on 
K37** GUIDE | K34 & K33, thru} K22 after 
TIMER K22 contacts. time delay. | | 
K22 GUIDE K37, K34 K37 Tape Transport Panel (200): 
TIMER AUX Guide solenoid (14) thru K4, J2i-V 
K3,K2 contacts. 
Shorts Sl (tape break switch) 
- for duration of K37 time delay. 
K19 CAPSTAN K20¢ +), K34(-. K38 |Demodul ator (201) S2c. J29-4 
1 
PRESSURE ROLLER | Tape Transport Panel (200): 
Capstan roller solenoid (L3) J21-K 1/4 second delay. 
) thru K21 contacts. 
|k31 RUN K20, thru K21 Tape Transport Panel (200): 1/4 second delay. 
contacts. Reel brake solenoids (L1,L2). J2i-N/P 
Reel motors | 
B2 J21-E 
Bl J21-C 
Common J21-D | | 
K36* AIR PUMP K34, thru K27, |Ki8 after 
TIMER K18 contacts 40 second 
after STOP. delay. | 
oe 
K35* AIR (In parallel Energizes Air Valve (at terminal | J30-2 
VALVE TIMER with K36. ) board 1TB2 in rack 1) 4 seconds 
after STOP, I 
K18* AIR PUMP K36, thru K34 K35, K36 Air Pump (509) K1. J30- 1 .K18 de-energized. 
Sak cope 40 seconds |teadwheel Blower (208) AC-LO. J30-4 
tacts. f .. after STOP. | 
x =o : { — _ 
K38** LOWER K19, thru K39 |K39 after Lower reel motor voltage thru J41-3,5 
REEL TIME DELAY | contacts. 2 second R12. 
delay. 
K39 LOWER REEL K38, thru K38 i 
AUX K19 contacts. | | | 
: = ne 


* See Control Reiay Bank circuit description, 
** Note time delay involved. 


% TIME DELAY INVOLVED 


CP-19 


REMOTE. HA KG CONTACTS REVERSED WHEN IN PLAY — RF Copy (SEE RF CoPY LADDER) pe AS, 
NW 404 S36, een? E. EARING KIT ADDED 
e465 # XK CIRCUIT CHANGE AT THESE POINTS WHEN AIR BEAR z ~24V 
"08 (END poe ee eel INDICATES OPEN RELAY CONTACTS DURING MODE. HI 
+e INDICATES CLOSED RELAY CONTACTS ay MODE. P| ee 
J32Z ao STOP PLAY PLAY ae ae es il — inp 
" i} J36 SIB vse H32 vse S2B 55B SSBB yx | KIS Ke an, ae 


K2 
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Figure CP-7. Control Ladder Diagram with Machiné in PLAY Mode 
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Figure CP-8. Control Ladder Diagram with Machine in WIND Mode 
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Figure CP-9. Control Ladder Diagram with Machine in SETUP Mode 
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Figure CP-10, Control Ladder Diagram with Machine in SFANDBY Mode 
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Figure CP-1]. Control Ladder Diagram with Machine in RF COPY Mode 
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Figure CRO-1. CRO Waveform Monitor 
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TECHNICAL DATA 


Power Required 
105-128 volts, 50-60 cps, 295 watts 
(from Circuit Breaker No. 2) 


Input Impedance 


Monitor Video Input: Bridging, 75-ohm external 


termination 
Test Video Input: High impedance (0.5 meg.—43 pzf) 
Sync Input: Bridging, 75-ohm external termination 
Calibrate Input: Bridging 


TW Input: Bridging 


Vertical Sensitivity 


30 millivolts per centimeter 


Sweep Rate 
240 cps, 30 eps (2 fields) or 7.9 KC (2 lines) 


Frequency Response, 


Flat from 60 cps to 5 me; down approx. 3 db at 10 mc* 


Synchronization 
TW IN—240 cps synchronization (external only) 
SYNC IN—-H or V sync (internal or external) 


Vertical Input Signals 


CRO Monitor Switcher (selectable) 
Test Input (from external probe) 


Tube Complement 
2X2A 

5651 
SAQP-1 
5U4GB 
6AL5 
6AN8 
6AS7/6080 
6AU8 
6AWS8A 
6BQ7A 
6CL6 
OU8A 

6X4 
12AX7 
OA2 
VXR-2500 
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* RESPONSE selector switch permits selecting any of four frequency response characteristics. See text under Deseription. 


DESCRIPTION 


The CRO Waveform Monitor (figure CRO-1) is 
a wide-band sensitive oscilloscope designed for ob- 
servation of both monochrome and _ color-television 
waveforms. The horizontal gain control (H GAIN) 
on the front panel permits expanding the sweep for 


close investigation of the signal waveforms, 


During operation of the tape recorder, any one of 
11 waveforms can be monitored by pressing a push- 
button switch on the CRO-monitor switcher panel, 
which is mounted directly below the CRO waveform 
monitor. For details refer to the instruction book on 
the CRO-Monitor Switcher (unit 307), 


Waveforms at other test points in the System may 
also be observed by placing the input selector switch 
of the waveform monitor in the TEST position and 
connecting the external probe to the test point to be 
examined, Normal care must be exercised in using 
the external direct probe since loading of high imped- 


ance test points may distort the observed waveform. 


The faceplate of the cathode ray tube is provided 
with a graticule calibrated in Standard IRE units for 
a convenient reference in setting up and checking 


video waveforms. The rulings on the graticule ascend 
from a zero reference to 100 in numerical graduations 
of 10 and descend from the same zero reference to 40, 


making a numerical total of 140. 


Operating Controls 


The controls on the front panel of the CRO wave- 
form monitor enable the operator to utilize fully the 
features of the instrument with the television tape 


recorder. The controls are listed below. 


VIDEO-CAL Selector Switch: Permits selection of 
one of the following inputs. 

(a) VIDEO TEST — high impedance TEST IN- 
PUT jack on front panel. 

(b) VIDEO MON — normal bridging input jack 
on rear of chassis from CRO monitor switcher. 

(c) CAL EXT — input jack on rear of chassis for 
bridging an external calibrating source. 

(d) CAL 1.0 — switches an internal 1.0 volt peak- 


to-peak 60-cycle square wave to the vertical input for 
calibrating CRO graticule, 
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(e) CAL 0.7 — switches on internal 0.7 volt peak- 
to-peak 60-cycle square wave to the vertical input for 
calibrating CRO graticule. 

g & 

Response Selector Switch: Changes frequency re- 
sponse of vertical amplifier to any of the following 
characteristics: 

(a) IRE--an IRE specified roll-off (see figure 
CRO-2). 

(b) DIR — Flat from 60 cps to 5 mc (—3 db at 
10 mc). 

(c) HP — high pass filter with slope approaching 
12 db per octave below 0.8 mc. 

(d) LP— low pass filter with slope approaching 
12 db per octave above 8 mc. 


V GAIN and V CENT Controls 

LOW’, MED, HIGH, D.G. -~ vertical amplifier gain 
range switch, The D.G. position is used when accurate 
differential gain measurements are necessary. (Not 
available on all models.) 

FINE — vertical amplifier venier gain control, 

V CENT — vertical centering control, permits posi- 
tioning of waveforms on CRO face. 


240-V-H Sweep Selector 

(a) 240 — permits selection of a 240 cycle sweep 
rate for displaying 240 cycle information as required 
in the television tape recorder. 

(b) V — 30 cycle sweep rate for a two-field display. 

(c) H—a7.9 KC sweep rate fora two-line display. 


H GAIN and H CENT Controls 


H GAIN — horizontal gain control enables the 
video display to be expanded 25 times to permit close 
inspection of signals such as horizontal and vertical 
sync intervals or the number of cycles of color burst. 


H CENT — horizontal centering control for posi- 
tioning of waveforms on CRO face. 


Sync Controls 

SYNC: lock-in control for 240, V, and H sweep 
speeds. 

SYNC EXT-INT selector switch: permits selection 
of internal or external sync source for locking of 
sweep rate in H or V positions. 

Miscellaneous Controls 

ON-OFF switch: applies and removes a-c power to 
the monitor. 

FOCUS control: permits focusing the spot on the 
CRO tube screen. 

INTENSITY: CRO intensity control. 

ILLUM: graticule edge lighting control. 


Circuit 

The circuits may be divided into three general 
groups. Referring to the schematic diagram, figure 
CRO-10, and block diagram figure CRO-9, the chain 
of tubes along the top of the diagram comprises the 
vertical deflection circuits; those along the bottom 
comprise the horizontal deflection circuits; and those 
to the right comprise the de circuits generating B+ 
and high voltages for the kinescope. 


Vertical Deflection 

The input signal to the vertical deflection circuits 
is selected by switch SIA, This switch is normally 
placed in the MON position which connects the grid 
of V1A to J3 and J4, MON VIDEO INPUT. The 
output of the CRO monitor switcher (unit 307) is 
fed to J3 with J4 terminated in 75 ohms. 


For maintenance of the system where it is desired 
to use the external probe of the waveform monitor, 
S1A is placed in the TEST position, connecting VIA 
to J5, VIDEO TEST INPUT. The other three posi- 
tions of S1A are used to calibrate the deflection of the 
waveform monitor. In the EXT position, an external 
calibrating voltage may be applied to VIA thru Jl, 
EXT CAL INPUT. In the CAL 1V or CAL .7V 
positions, an internally generated square-wave cali- 
brating voltage is applied to VIA. The calibrating 
square wave is generated by applying the 6.3 ac 
filament voltage through S1B to clipping diodes CR1 
and CR2. The clipping level is pre-adjusted at the 
factory with potentiometer, P2, CALIBRATE ADJ, 
(see figure CRO-7) to give 1 v peak-to-peak at point 
“a” and .7 v peak-to-peak at point “b” (refer to 
Schematic Diagram). 


The desired signal is coupled to the grid of video 
amplifier, VIA. Amplifier VIA and cathode follower, 
V1B, contain the manual gain control circuits for the 
vertical deflection amplifier chain. These circuits 
accommodate a wide range of input signal levels 
without overload while maintaining a flat frequency 
response to 5 me. 


A three position switch, $3, provides HIGH, 
MEDIUM, and LOW ranges of amplification. Some 
models of the CRO monitor may provide a fourth 
position (DIFFERENTIAL GAIN) which is useful 
when the monitor is used with other equipments, 


$3 performs three functions in effecting the change 
in gain: First, S3A selects different values of cathode 
resistance for VIA. Secondly, $3B selects different 
feedback paths from the cathode of V1B to the grid 
of V1A. Third, S3C selects different values of bias 
to the grid of V1A for the proper operating point for 
each range. The circuit constants are such that a 


reading of 0 volts between test points J8 and J9 on 
the chassis indicates that the operating points for each 
range have been correctly set by potentiometers P1, 
P15, and P16 respectively. (See Adjustments.) 


A flat frequency response to 5 me 1s set by adjust- 
ment of shunt peaking coil, Li, in the plate circuit 
of VIA on the HIGH range, and by adjustment of 
cathode peaking coils, L3 and L2, on the MEDIUM 
and LOW ranges. (See Alignment.) 


A front panel control, V. GAIN (potentiometer 
P9) provides a vernier gain adjustment of the vertical 


deflection amplifier. 


From cathode follower V1B, the signal 1s coupled 
to amplifier V2A thru switch $2, Frequency Response 
Selector. The CRO waveform monitor 1s normally 
used with $2 in the DIRECT position. In this position, 
the signal 1s connected directly from V1B to V2A for 
a full 5 me bandwidth, However, three other post- 
tions are provided: IRE, LP, and HP. 


In the IRE position, the signal passes through a 
filter which provides a roll off in frequency response 
(see figure CRO-2) corresponding to that specified by 
the IRE standard. Capacitor, C51 1s adjusted for 


6 db down at 1.55 mc in accordance with the standard. 


In the LP position, the signal passes through a low 
pass filter which ts set for minimum output at 3.58 me 


by adjustment of coil LS. 


In the HP position, the signal passes through a 
high pass filter with the low frequency roll off, ad- 
justed by C7 and L4, set to give a 1 me output equal 
to the 1 me output of the low pass filter. The pro- 
cedure for alignment of these filters is described in 
the Section on Alignment, 


The signal 1s cathode coupled from amplifier V2A 
to amplifier V3A and fed balanced from their plate 
circuits to cathode followers, V4A and V4B. The 
signal from the cathodes of V4A and V4B 1s fed to 
the output stages, V5 and V7, which drive the vertical 
deflection plates of cathode ray tube V26, Negative 
feedback from the plates of V5 and V7 to the cath- 
odes of V2A and V3A stabilizes the performance and 
increases the frequency response. Capacitors, C10 and 
Ci3 in the feedback path are adjusted for flat 
response to 5 me (see Alignment) 


A DC Setter circuit employs feedback from the 
plates of the output tubes to the grid of V2A, provid- 
ing an extremely stable dc reference for the tips of 
sync over a 5 to 1 range of input signal amplitude. The 
Vo diodes detect the voltage representing the tps of 
sync. That voltage is compared to a reference voltage 
in a resistance bridge, and the error voltage 1s coupled 
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to the grids of de amplifiers, V2B and V3B. The 
amplified error voltage at the plate of V2B 1s applied 
to the grid of V2A, correcting any shift 1n the sync tip 
reference. The reference voltage in the resistance 
bridge 1s taken from dual potentiometer, P4, (the 
V. CENTERING Control) to permit positioning of 
the waveform on the cathode ray tube. Tube V8 pro- 
vides a constant voltage to stabilize the operation 
of critical circuits. 


Horizontal Deflection 

In the horizontal deflection circuits, a choice of 
three different sweep rates 1s available. The selection 
of a horizontal sync rate, a vertical sync rate, or 240 
cps rate is made by placing $4, SWEEP SPEED 
SELECTOR, in the desired position. The synchroniz- 
ing signal ts coupled through S4A to the grid of V9A, 
The 240 cps sync signal is coupled directly to S4A 
from J12 or J13, TW 240 IN. 

Either external or internal H and V sync signals 
may be used, depending on the position of $5, EXT- 
INT. If S5 is on the EXT position, external sync is 
coupled from J6 or J7 through isolation amplifier, 
VOB, to S4A. If $5 is on the INT position, a sample 
of the composite video signal is taken from the 
cathode of Video Amplifier, V1, 


Tubes VOA, V13B, V1OA and V10B are used to 
strip the sync pulses from the composite video signal 
when internal sync ts used to trigger the horizontal 
deflection generator. External sync pulses or 240 cps 
pulses which do not contain video information are 
also passed through these circuits to strip off any 
spurious information which may be present. The pulse 
output of V10B 1s coupled to the grid of Sawtooth 
Generator, V12, through a differentiating network 
consisting of C20 and R87 or through integrating 


network, N1. 


If S4 ts placed im the H position, the stripped sync 
(int. or ext.) ts differentiated, and the negative spikes 
from the horizontal sync pulses, equalizing pulses, 
and vertical serrations are passed through diode CR3 
to the grid of V12. In the V or 240 position, stripped 
sync or 240 cps pulses are passed through the integra- 
tor N1 to the grid of V12. The time constant of the 
integrator 1s such that the relatively narrow H_ pulses 
and equalizing pulses in sync will not pass, An output 
from the integrator 1s obtained only from the wide 
vertical sync pulse (or 240 pulse in 240 position). 


Vi2 is an astable, cathode-coupled multvibrator 
whose free running frequency is determined by the 
time constant from the plate of V12A to the grid of 
Vi2B, If the free running frequency is close to the 
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desired frequency (or a multiple) trigger pulses ap- 
plied to the grid of VI2A well cause it to lock to the 
applied pulses. The free running frequency ts ad- 
justed with potentiometer P5 (SYNC) on the front 
_ of the unit, to lock the frequency for a stable wave- 
form on the oscilloscope. In order that the waveform 
will remain locked without readjustment of PS when 
switching between H, V, and 240, internal vernier 
adjustments are provided for each of these positions. 
They are PG for V, C24 for H, and R17 for 240. 
Proper set up for these controls 1s described in the 


section on Adjustments. 


The sawtooth voltage for horizontal deflection 1s 
generated by charging of capacitof C36 through R91 
and R163 when V12B is cut off. Capacitor C36 Is 
discharged very rapidly through V12B during the 
short interval when it is conducting. For the rela- 
tively long period of the V or 240 rate, an additional 
capacitor, C28, 1s switched in parallel with C36. 
Capacitor C36 (see figure CRO-8) 1s adjusted for the 
H_ position to make the amplitude of the sawtooth 
voltage equal to the amplitude of the sawtooth when 
using the V position. This is observed as equal sweep 


lengths on the oscilloscope (see Adjustments). 


The capacitor charging voltage ts coupled to the 
grid of a bootstrap amplifier, V13A, which improves 
the linearity of the sawtooth voltage by increasing the 
apparent voltage to which C36 1s charging. This 1s 
accomplished by positive feedback from the cathode 


of V13A through capacitor, C49. 


The sawtooth voltage 1s applied to the grid of 
driver stage, VISA, from the H GAIN potentiometer, 
P7, in the cathode of V13A,. It is cathode coupled to 
the other driver stage, VIGA, and direct coupled 
from the plates of the driver stages to the push-pull 
output stages V15B and V1GB. The signal from the 
cathodes of V15B and V1G6B ts connected directly to 
the horizontal deflection plates of the cathode ray 
tube. Since direct coupling is used from the driver 
tubes to the deflection plates, variation of the static 
bias of the driver tubes will cause a variation of the 
average voltage applied to the deflection plates, and 
hence will effect a change in the average position of 
the beam. This 1s accomplished by P8, the HOR POSI- 
TION control in the bias circuit of VISA and V1IGA, 


The blanking signal is derived from a_ positive 
pulse generated in the cathode circuit of the hort- 
zontal mulavibrator during the short pertod when 
Vi2B is conducting and discharging the sawtooth 
capacitor, C36, This signal is coupled to the grid of 


the blanking generator VI4A. Stage VI4A ts nor- 
mally held close to cut off because of the high cathode 
voltage, which is due to the conduction of V1i4B 
thru a common cathode resistor. 


Diode, CR4, removes any negative going signals 
at the grid of VI4A, but presents a high impedance 
to positive going signals which drive V1I4A into con- 
duction. The large negative pulse from the plate of 
VI4A is coupled through blocking capacitor C29 to 
the grid of the cathode ray tube to cut off the beam 


during retrace, 


DC Circuits 
The power supply uses common circuits which are 
described as follows: A full wave rectifier tube, V24, 
is used for the minus 150 volt bias supply. Glow dis- 
charge tube, V25, provides regulation of this voltage. 
A second full wave rectifier, V17, is used to gen- 
erate the B+ supply voltage. Regulation of the B- 


supply 1s accomplished in the following manner: 


A change of the output voltage is coupled to the 
grid of V19B. That change is cathode coupled to 
VI9OA. Since the gride bias of VIOA ts held constant 
by glow discharge tube, V21, the change of cathode 
voltage is amplified in the plate circuit of VI9A which 
is connected to the grid of control tube V20B, V20A 
holds the cathode of V20B at the correct voltage so 
that the error voltage at the grid of V20B is ampli- 
fied. The resulting change at the plate of V20B ts 
coupled to the grids of series regulator tubes V18A 
and V18B, causing a change in the voltage drop from 
plate to cathode in such a manner as to correct the 
original change in output voltage. The B+ supply 
is set to 370 volts by adjusting the static bias of V19B 
with potentiometer, P9, the 370 volts ADJ (see figure 
CRO-6). 


The high voltages for the cathode ray tube are 
generated by half wave rectifier, V22, with some 
regulation provided by a Victoreen regulator, V23. 
Since the faceplate of the CRT is operated at ground 
potential, the electron gun voltages are highly nega- 
tive (approximately 2500 v). The control grid ts 
slightly more negative than the cathode and ts adjust- 
able. Potentiometer, P13, the INTENSITY control on 
the front panel, controls the grid to cathode bias. 
The voltage on the accelerator electrode is somewhat 
positive with respect to the cathode and is adjusted 
with potentiometer, P10, the FOCUS control, The 
electrodes connected to pin 9 of the CRT are operated 


near ground potential. The voltage is adjusted with 
P11, the ASTIGMATISM control. 
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MAINTENANCE 


Adjustments 

The initial adjustments of the CRO waveform 
monitor have been made at the factory but may re- 
quire periodic readjustment, especially when tubes or 
components have been replaced, Refer to the sche- 
matic diagram figure CRO-10, and figures CRO-6, 
CRO-7, and CRO-8 during adjustments. 


First Amplifier Operating Point 

Connect a VIVM (2.5 volt d-c scale) to test jacks 
J8 and J9. Adjust P1 for zero volt on the meter with 
V GAIN switch in the LOW position, Turn V GAIN 
switch to MED and adjust P15 for zero; switch to 
HIGH position and adjust P16 for zero. Check volt- 
age again after a half-hour of operation and reset 
to zero, 
Line Voltage 

If the line voltage is lower than 111 volts, connect 
the COMM strap (on terminal board at rear of 
chassis) to the L terminal, If line voltage is higher 
than 123 volts, connect the COMM strap to the H 
terminal, 


B+ Adjustment 

Connect a VIVM to the B+ bus and ground. 
Adjust P9 (at rear of chassis) for 370 volts on the 
VTVM. 


Astigmatism 

Connect the VIVM between the slider of the 
astigmatism control, Pll, and ground. Adjust P11 
for 150 volts on the VIVM. Adjust the FOCUS con- 
trol for maximum definition of CRO spot. Then 
readjust Pil for minimum spot distortion, Adjust 
these two controls alternately to obtain maximum 
definition with lowest distortion. 


Calibration 
Calibration of the CRO waveform monitor is re- 


quired periodically. The following procedure is 
_ recommended: 


1. Feed a 1-volt peak-to-peak reference signal into 
the TEST INPUT jack on front panel. 


2. Set the VERTICAL input selector switch to 
VIDEO TEST (external CCW position). 
3. Set the V GAIN range switch to MED. 


4. Adjust the V GAIN FINE control for a deflec- 
tion of 140 divisions on the CRO graticule (5 cm), 
5. Set the input selector switch to CAL 1.0. 


6, Adjust CALIBRATE ADJ. potentiometer, P2, to 
obtain same deflection as in step 4 above. 


Syne Matching 

1. With a composite video signal applied to the 
MON VIDEO INPUT jack, J4, set the front panel 
SYNC control to dot at the 11 o'clock position. 

2. Set $5, EXT-INT switch to INT. 

3. Set the V GAIN range switch to MED. 

4. Set the 240-V-H sweep selector switch to V and 
adjust P6 (see figure CRO-8) for a stable two field 
display. ; 

5. Set the 240-V-H sweep selector switch to H and 
adjust C24 for a stable two-line display. 

6. Place the tape machine in Standby mode. 


7. Set the sweep selector switch to 240 and adjust 
P17 (top-right of chassis facing panel) to lock-in the 
display. 

8. Turn the 240-V-H sweep selector switch to each 
of its three positions. If display does not lock in with- 
out readjustment of SYNC control, repeat the adjust- 
ments described in steps 4, 5, 6, and 7, 


9. Adjust C36 until the sweep lengths for the H 
and V positions are equal. 


Hum Balancing 


1. Disconnect video input cable from J3. 


2. Set the input selector switch to VIDEO MON:. 
the V GAIN range switch to HIGH, and the V GAIN 
FINE control fully clockwise. 


3. Adjust the HUM BAL. potentiometer (P14, on 
top-left side of chassis) for mininum ripple on the 
CRO trace. 


Alignment 

This oscilloscope has been factory aligned for maxi- 
mum flat frequency response. There is associated with 
this frequency characteristic a response to a step 
change in voltage. Practically speaking, one seldom 
experiences the theoretical step change in input be- 
cause most systems are limited by bandwidth. If the 
input step is limited to a 10 mc bandwidth, the result- 
ing response should not overshoot by more than 3% 
when the amplifier is adjusted for a maximum flat 
frequency response. The tape recorder is limited in 
response to a bandwidth less than 6 me. 


For complete frequency response alignment of the 
CRO waveform monitor, perform the following steps: 
1. Unsolder the lead of capacitor C9 which is con- 


nected to the Frequency Response Selector switch 
(S2). See figure CRO-7. 
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Figure CRO-2. IRE Roll Off Curve 


2. With a sweep generator (0-10 mc) feed a signal 
to the disconnected lead of C9. 


3. Remove cable from MON VIDEO INPUT, J3. 
Set SYNC EXT-INT switch to INT; set 240-V-H 
sweep speed selector to V; adjust SYNC control for 
a steady display of the frequency response on the 
cathode ray tube of the waveform monitor, Adjust 
H GAIN and H CENT controls so that a single dis- 
play from 0-10 me ts centered on the screen, 

4, Adjust C10 and C13 (plate circuits of V5 and 
V7) for flattest response to 5 mc with approximately 
80 IRE units, deflection on face of monitor. 

5. Remove the sweep generator and reconnect C9. 

6. Set the frequency response selector switch to 
DIR, the input selector switch to VIDEO MON, and 
the V GAIN switch to HIGH, 


7. Connect the sweep generator to the MON 
VIDEO jack, J3, on the rear of the unit and terminate 
J4 with 75 ohms (or sweep gen. impedance). 


8. Adjust the sweep generator output to obtain 
approximately 80 IRE units deflection and adjust Li 
(see figure CRO-7) in the plate circuit of VIA for 


flattest response to 5 megacycles. 


9. Set the V GAIN switch to MED; increase sweep 
generator output to obtain 80 IRE units deflection, 


and adjust L3 for flattest response to 5 megacycles. 

10. Set the V GAIN switch to LOW; increase 
sweep generator output to obtain 80 IRE units deflec- 
tion, and adjust L2 for flattest response to 5 
megacycles, 
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Filter Adjustments 

Controls L4, L5, C7 and C5i (in circuit of S2, 
Freq. Response Selector switch) are adjusted at the 
factory and should not require adjustment unless a 
component has been replaced. These controls deter- 
mine low-pass, high-pass, and IRE filter characteristics, 

The controls are interrelated and should be ad- 
justed according to the following procedure: 


1, With the sweep connected as in step 6 above 
and GAIN set to MED, place the Frequency Response 
Selector Switch to the IRE position, Capactcor, C51 
is adjusted for the response specified by the IRE curve 
shown in figure CRO-2 (down 6 db at 1.5 mc), 

2. Place the selector switch in the LP position. 
Adjust L5 for minimum response at 3.58 mc, 

3, Place the selector switch in the HP position, 
Adjust L4 and C7 so that the output at 1 me in the 
HP position is approximately equal to the output 
obtained at 1 me in the LP position, 


Trouble Shooting 

Most troubles can be found by a systematic process 
of elimination. Waveforms shown in figures CRO-3, 
CRO-4, and CRO-5 may be used for comparison. A 
faulty stage can usually be located by checking volt- 
ages at the tube sockets against those given in the 
VOLTAGE CHART (see figure CRO-10). Then the 
defective part can be isolated by checking voltages 
directly in the circuits. 

The following chart may speed up the identification 
and correction of trouble: 


TROUBLE SHOOTING CHART 


A. No Spot 


. Check V22. 


. Check voltage across C59. 
. Check —150 volt bus and + 370 volt bus. 


. Check vertical amplifier balance as follows: Connect a jumper 
between pin 7 of V3 and pin 7 of V2, Measure plate voltage of 
V5 and V6. If the circuit is properly balanced the plate voltage 


will be 150 £25 volts. 


. Check horizontal amplifier balance as follows: Connect a jumper 
between pin 8 of V15 and pin 8 of V16. Measure cathode voltage 
of V15B and V1GB. If the circuit is properly balanced the cathode 
voltage will be 150 = 25 volts. 


. Adjust hum balance control, P14. 
. Check V1. 
. Adjust P9 or +370 volts en bus. 


. Check ripple on +370 volt bus. 


. Check gas regulator, V21. 
. Check regulator circuits of V18, V19, V20. 


C. No Voltage on +370 Volt Bus . Check V17, V18, VW19, V20, W21. 
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TROUBLE SHOOTING CHART (Continued) 


a 


PO PNY oP 


Check V23 as follows. Insert a 0--1 milliammeter in series with the 


D. Calibration Deflection Varies with Change L. 
in Brightness plate lead (between plate and ground). Current should be nor less 
than 25 microamperes at normal intensity and not more than 250 
microamperes at minimum intensity (intensity control full counter- 
clockwise). If current is outside these limits, check R192 and R193, 
E. Voltage Variation Across J8-J9 when Gain 1. Check Ri58. 
Selector is Changed 2. Check R7. 
F. Non-Symmetrical Calibrate Signal 1. Check CR1, CR2. 
G. Excessive Brightness Variation along Trace i. Change V14. Check blanking 
2. Check CR4. 
3, Check V12. 
H. No Sync 1, Check waveforms at terminals of S4. 
2. Check V9, V10. 
3. Output of V1i0O should be free of picture information for any 
input signal from 0.25 volt to 2.0 volts (peak-to-peak). 
4, Check screen voltage on V9 (+150 volts). 
5. Compare the waveform at pin 2 of V9 with the input signal, No 
compression should be evident. The signal on the plate (pin 6) 
of V9 should show some picture information but no = syne 
compression. 
I. Color Burst Not Distinguishable in Ex- 1. Check for picture signal on pin 1 of Vi0. No picture informa- 
panded Position tion should be visible. 
2. Check waveforms at terminals of S4. 
3. Check CR3. 
J. Short Time Variation of H Centering with 1. Cathode voltage of V13A should be zero volts £1.5 volts. If not, 
H Gain Change check R105, R107. 
2. Check V13. 
K. Vertical Centering Range Inadequate 1. Check V2, V3. 
2. Check matching resistors R63, R64, R65, R67, R68. 
3, Check R69, R71. 
L. Poor Spot Shape—Poor Focus i 1. Center spot on CRT and measure voltage on pin 6 of V5, V7, V15 | 


. Check high voltage at “high” side of P13 (should be —2500 


| 


and V16. Mean voltage should be 150 +15 volts. 


volts). 


. Check CRT, 


. Vertical Instability with V Gain Change 


Set first amplified operating point as described under Initial 
Adjustments, 


. Low High-Voltage Output 


1. Check V22. 
. Check C59. 


. Motor-Boating (Low Frequency Bouncing) 


. Check V2. 
. Check V3. 


Calibrate Signal Tilt 


. Top-edge tilt—-check V5. 


. Bottom-edge tilt—check V7. 


. Slow Warm-up of Vertical Amplifier 


Check matching of R67 and R68. The match should be within 2%. 
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NOTES: 

1. Taken with Tektronix Type 535A Oscilloscope. 

2. Attenuator Probe (11.5 pf). 

3. Switches set as follows: SI-MON, S2-DIR, $3-MED, S4-H, SS5-INT. 


A. J3, VIDEO IN B. V1 pin 9, P-Amp C. V1 pin 1, K-cath fol 
20 usec/cm, 0.2v/em 20 usec/cem, Iv/em 20 usec/cm, Iv/em 


D. V2 pin 7, G-Amp E. V2 pin 9, P-Amp F. V3 pin 9, P-Amp 
20 usec/cm, 0.5v/em 26 usec/em, 1v/em 26 usec/cem, .5v/em 


G. V4 pin 3, K-Driver H. V4 pin 8, K-Driver I. V5 pin 6, P-Output 
20 usec/cm, Iv/em 20 usec/em, Iv/em 20 usec/cem, 20v/em 


Figure CRO-3. CRO Monitor Waveforms 
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A. V7 pin 6, P-Output B. J8, Test Jack C. V9 pin 6, P-Amp 
20 usec/em, 20v/cm 20 usec/cm, tv/em 20 usec/em, 20v/em 


D. VIO pin 6, P-Sync Stripper E. V10 pin 1, P-Syne Stripper F. V12 pin 2, G-Sawtooth Generator 
20 usec/cm, 2v/cm 20 usec/em, Iv/em 20 usec/em, 0.5v/cem 


G. V¥12 pin 1, P-Sawtooth Generator H. V12 pin 6, P-Sawtooth Generator I. V3 pin 3, K-Bootstrap Amp 
20 usec/em, 20v/cm 20 usec/em, 5v/em 20 usec/cm, 5v/em 


J. V5 pin 6, P-Driver K. V16 pin 6, P-Driver L. V15 pin 3, K-Output 
20 usec/cm, 20v/cm 20 usec/cm, 20v/cm 20 usec/cm, 20v/cm 


Figure CRO-4. CRO Monitor Waveforms 


A. V16 pin 3, K-Output B. V2 pin 8, K-Sawtooth Generator 
20 usec/cm, 20v/cm 20 usec/cem, 2v/em 


C. V14 pin 7, G-Blanking D. V14 pin 6, P-Blanking 
20 usec/em, 2v/cem 20 usec/cm, 20v/em 


Figure CRO-5. CRO Monitor Waveforms 
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Figure CRO-6. CRO Waveform Monitor, Rear View 
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Figure CRO-7. CRO Waveform Monitor, Left Side View 
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Figure CRO-8. CRO Waveform Monitor, Right Side View 


LIST OF PARTS CRO.17 
CRO WAVEFORM MONITOR, MI-26800-B,C 
NOTE: All parts the same for the B and C MI Listing except where indicated 


CAPACITORS: 

Cl 213192 paper, 1.0 wf £20%, 200 v 

C2A/D 215044 electrolytic, 80/30/20/20 uf, 250/456 v 
C3A/C 213181 electrolytic, 40/20/20 wf, 250 v 

C4 Not Used 

C5 mica, 390 pwuf +5%, 500 v 

C6 P Not Used 

C7 73075 variable, ceramic, 50-380 uuf 

C8 213183 paper, 0.1 wf £+20%, 200 v 

C9 213184 paper, 2 uf +20%, 200 v 

C10 56690 variable, ceramic, 1.5-7 uwyf, 500 v 
C11,C12 paper, 0.1 wf +10%, 400 v 

C13 56690 variable, ceramic, 1.5-7 wuf, 500 v 
C14 218925 electrolytic, 250 uf, 200 v 

C15 218926 paper, 0.022 uf +5%, 400 v 

C16,Cl7 Not Used 

C18,C19 paper, 0.22 wf +20%, 200 v 

C20 mica, 220 uwuf +5%, 500 v 

C21 213185 paper, 0.1 wf 420%, 400 v 

C22 213186 paper, 0.5 uf +20%, 400 v 

C23 mica, 390 wuf +5%, 500 v 

C24 205424 variable, ceramic, 170-780 puf 

C25 paper, 0.1 wf +10%, 400 v 

C26 mica, 390 puf +5%, 500 v 

C27, C28 213186 paper, 0.5 wf +20%, 400 v 

C29 213187 paper, 0.05 uf +20%, 3000 v 

C30A/C,C31A/C, 
C32A/C 209307 electrolytic, 20/20/20/20 uf, 450 v 
C33A/D, C34A/D 213188 electrolytic, 40/40/30/30 uf, 450 v 

C35A/B 213189 electrolytic, 30/20 uf, 350 v 

C36 213190 variable, mica, 1150-2605 wef, 250 v 
E37.638 213182 paper, 0.47 wf £20%, 200 v 

C39 213 192 paper, 1.0 wf £20%, 200 v 

C40 mica, 5000 puf +5%, 500 v 

C41 paper, 0.022 uf +20%, 400 v 

C42 mica, 5600 wuf +5%, 500 v 

C43 paper, 0.1 wf +10%, 400 v 

C44, C45 Not Used 

C46 paper, 0.27 wf +10%, 200 v 

C47, C48 mica, 390 puf +5%, 500 v 

C49 paper, 0.47 wf +20%, 400 v 

C50 mica, 1000 puf +10%, 500 v 

C51 215036 variable, ceramic, 5-80 put 

C52 Not Used 

C53 215037 paper, 0.1 wf +20%, 200 v 

C54 215038 mica, ll pef +0.5 puf, 500 v 

C55, C56 mica, 20 puf +5%, 500 v 

C57, C58 215039 paper, 0.047 wf +20%, 400 v 

C59 218927 paper, 0.1 wf +20%, 4500 v 

C60 218928 paper, 0.25 wf +40 -0%, 3500 v 
C61,C only mica, 100 wpuf +5%, 1500 v char ‘‘F” 
C62,C only mica, 1000 wuf +5%, 500 v char “SF” 
CR1 to CR4 59395 Rectifier: crystal diode 

Fl 10907 Fuse: 3 amp. 125 v, slo-blo 

F2 53447 Fuse: 1 amp, 125 v, slo-blo 

Jl to J? 51800 Connector: female coaxial, chassis mtg. 
J8,J9 205675 Connector: tip jack, black 

J10 98560 Connector: male, 6 contact, chassis mtg. 
Jill 51607 Connector: female, 6 contact, chassis mtg. 
J12,J1 3 51800 Connector: female, coaxial, chassis mtg. 
Ll 210531 Coil: peaking, 18-36 microhenry 

L2 213195 Coil: peaking, 15 microhenrys 

L3 213196 Coil: peaking, 2.5 microhenry 

L4 214859 Coil: peaking, 65-105 microhenry 
L5 213198 Coil: peaking, 36-64 microhenry 
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L6 98426 Coil: 2.5 millihenry 
L7 215040 Coil: 240 millihenry 
L8C only 222629 Coil: 20 microhenry 
NI 21:3:1.99 Printed Circuit: integrater 
RESISTORS: 
Fixed, Composition - Unless otherwise specified 
Pl 206044 variable, comp., 250,000 ohms, +10%, 2 w 
P2 206045 variable, comp., 5 meg +20%, 2 w 
P3 206913 variable, comp., 1000 ohms, 410%, 2 w 
P4 213200 variable, comp., 500,000/500,000 ohm 410%, 2 w 
P5 95246 variable, comp., 500,000 ohm 410%, 2 w 
P6 95243 variable, comp., 100,000 ohm +10%, 2 w 
P7 to PY 205550 variable, comp., 50,000 ohm +10%, 2 w 
PLO 213201 variable, comp., 2.5 meg +20%, 2 w 
PIL 95246 variable, comp., 500,000 ohm +10%, 2 w 
P12 213202 variable, comp., 50 ohm +10%, 2 w 
P13 57402 variable, comp., 250,000 ohm, +20%, 2 w 
P14 213515 variable, comp., 100 ohm +10%, 2 w 
P15,P16 206044 variable, comp., 250,000 ohm +10%, 2 w 
P17 94039 variable, comp., 5000 ohm +10%, 2 w 
Rl Not Used 
R2 100 ohm #10%, % w 
R3 Not Used 
R4 213203 275.5 ohm +1%, % w 
R5 213204 643 ohm +1%, ’* w 
R6, R7 Not Used 
R8 53658 wire wound, 15,000 ohm 410%, Sw 
R9,R1O Not Used 
R11 270 ohm +5%, % w 
R12 Not Used 
R13 100 ohm 410%, 4% w 
R14 5100 ohm +10%, % w 
R15 Not Used 
R16 300 ohm 45%, 4 w 
R17,KR18 110,000 ohm 45%, % w 
R19, R20 100 ohm +10%, % w 
R21 1.0 meg +5%, % w 
R22 1.5 meg +5%, 2 w 
R23 75,000 ohm 410%, 4% w 
R24 91,000 ohm +5%, % w 
R25 to R27 Not Used 
R28 96 536 wire wound, 8000 ohm £10%, 10 w 
R29 Not Used 
R30 00 ohm 10%, % w 
K31 2 meg 45%, 4w 
R32 213205 wire wound, 3500 ohm #5%, 10 w 
R33 00 ohm +10%, % w 
R34 6800 ohm £5%, 2 w 
R35 00 ohm +10%, % w 
R36, R37 91 ohm +5%, %w 
R38 00 ohm +10%, % w 
R39 6800 ohm 45%, 2 w 
R40 wire wound, 7500 ohm £5%, 5 w 
R41 00 ohm £10%, % w 
R42 to R45 56,000 ohm £5%, 2 w 
R46 00 ohm +10%, % w 
R47, R48 Not Used 
R49 510,000 ohm +5%, % w 
R50 100 ohm 410%, % w 
R51,R52 360,000 ohm £5%, 2 w 
R53 510,000 ohm £5%, % w 
R54 100 ohm +10%, % w 
R55 Not Used 
R56 100 ohm 
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R57, R58 
R59 

R60 
R61, R62 
R63 
R64, R65 
R66 
R67, R68 
R69 

R70 

R71 

R72 
R73,R74 
R75 

R76 

R77 

R78 

R79 
R80 

R81 

R82 
R83, R84 
R85 

R86 

R87 

R88 

R89 

R90 

R91 

R92 

R93 

R94 

R95 

R96 

R97 

R98 

R99 
R100 
R101 
R102 
R103 
R104 
R105 
R106 
R107 
R108 
R109 
R110 
R111 
R112 
R113 
R114,R115 
R116 
R117 
R118 
R119 
R120 
R121,R122 
R123 
R124 
R125 
R126, R127 


102241 


102241 


213206 
217029 


620 ohm +5%, 2 w 

100 ohm +10%, % w 
Not Used 

10,000 ohm +10%, 

680,000 ohm +£5%, 

2.0 meg ohm +5%, 

680,000 ohm +5%, 

2.7 meg +5%, % w 

22 meg +10%, % w 

Not Used 

22 meg +10%, 
1.0 meg +5%, w 

1300 ohm +5%, % w 

wire wound, 10,000 ohm +10%, 10 w 
100 ohm +10%, % w 

18,000 ohm +5%, 2 w 

4700 ohm +5%, % w 

100 ohm +10%, %& w 

5.1 meg 45%, % w 

3.9 meg +5%, % w 

3.6 meg 410%, % w 

510 ohm 45%, % w 

15,000 ohm +5%, 2 w 

100,000 ohm +10%, % w 

4700 ohm +10%, % w 

100 ohm +10%, % w 

33,000 ohm +5%, 1 w 

4700 ohm +10%, 4% w 

680,000 ohm +5%, % w 

330,000 ohm 410%, % w 

1200 ohm +5%, 4% w 

300,000 ohm +5%, % w 

47,000 ohm +10%, 4% w 

150,000 ohm +5%, % w 

wire wound, 10,000 ohm +10%, 10 w 
62,000 ohm +5%, % w 

33,000 ohm +5%, %w 

5100 ohm +10%, % w 

24,000 ohm +10%, % w 

15,000 ohm +5%, % w 

2.2 meg +10%, % w 

75,000 ohm +5%, I w 

10,000 ohm +5%, % w 

360,000 ohm +5%, %w 

750 ohm +10%, % w 

360,000 ohm +5%, % w 

11,000 ohm +5%, % w 

2.0 meg +10%, % w 

11,000 ohm +5%, % w 

1.0 meg 45%, % w 
51,000 ohm +5%, 

100 ohm +10%, % 

2.2 meg +10%, % 

82,000 ohm +5%, 

22,000 ohm +5%, 

82,000 ohm +5%, 

100 ohm +10%, % 

51,000 ohm +£5%, 

100 ohm +10%, % 

wire wound, 2000 ohm +10%, 3 w 
wire wound, 1000 ohm +10%, 3 w 
120,000 ohm +10%, 1 w 
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R128 180,000 ohm #5%, % 
R129 200,000 ohm 45%, % w 
R130 209278 wire wound, 20,000 ohm 10%, 5 w 
R131 240,000 ohm +5%, % w 
R132 33 ohm +5%, | w 

R133 560 ohm +10%, % w 
R134 33 ohm +5%, 1 w 

R135 560 ohm +10%, % w 
R136 7500 ohm +10%, 4% w 
R137, R138 Not Used 

R139 50,000 ohm +10%, 2 w 
R140 Not Used 

R14] 0,000 ohm £10%, % w 
R142 560,000 ohm £5%, % w 
R143 4.7 meg 15%, % w 
R144 30,000 ohm +5%, % w 
R145 560,000 ohm £5%, % w 
R146 50,000 ohm £5%, 4% w 
R147, K148 00 ohm £10%, % w 
R149, to R151 Not Used 

R152 5,000 ohm +10%, % w 
R153 33,000 ohm +10%, % w 
R154 2.2 meg +10%, % w 
R155, R156 .8 meg +10%, 1 w 
R157,R158 Not Used 

R159 750,000 ohm +5%, % w 
R160 Not Used 

R161 82,000 ohm +10%, 1 w 
R162 A700 ohm +10%, % w 
R163 470,000 ohm +5%, % w 
R164 .0 meg +5%, 4% w 
R165 Not Used 

R166 360,000 ohm #5%, % w 
R167 500 ohm +5%, % w 
R168 5100 ohm +10%, % w 
R169 750,000 ohm £10%, 4% w 
R170 360,000 ohm +5%, 4% w 
R171 50,000 ohm +5%, 4% w 
R172 100,000 ohm +5%, % w 
R173 8200 ohm +5%, 1 w 
R174, R175 2700 ohm +10%, % w 
R176 1 meg £5%, % w 

R177 1.5 meg +5%, % w 
R178 750,000 ohm +5%, % w 
R179 100,000 ohm +5%, % w 
R180 2000 ohm +5%, 1 w 
R181 1200 ohm +10%, % w 
R182 1300 ohm +5%, % w 
R183 27,000 ohm +5%, 2 w 
R184 2700 ohm +5%, % w 
R185 1000 ohm +5%, % w 
R186B only 100 ohm 410%, % w 
R186C only 470 ohm 45%, % w 
R187 2700 ohm +5%, % w 
R188 210887 wire wound, 8000 ohm +5%, 10 w 
R189 2700 ohm +5%, % w 
R190 210887 wire wound, 8000 ohm +5%, 10 w 
R191 47,000 ohm 410%, % w 
R192 680,000 ohm #5%, 1 w 
R193 680,000 ohm +5%, 1 w 
R194 150,000 ohm +5%, % w 
R195 390,000 ohm +5%, 2 w 
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R196 750 ohm 210%, ' w 
K197 8200 ohm 410%, 1 w 
RL98 27,000 ohm £10%, 2 w 
R199C only } 1300 ohm, £5%, 6 w 
S1,52 213208 Switch: rotary, 3 circuit, 1 section, 2-5 position 
S3B only 215041 Switch: rotary, 3 circuit, | section, 3 position 
S3C only 222630 Switch: rotary, 3 circuit, 1 section, 4 position 
S4 218929 Switch: 4 circuit, 1] section, 3 position 
Do, 98239 Switch: rotary, 1] circuit, 1] section, 2 position 
S6 59988 Switch: rotary SPST 
Tl 213211 Transformer: power, low voltage 
T2 213212 Transformer: power, hi voltage 
V23 213213 Tube: voltage regulating type VXR-2500 
V26 213214 Tube: cathode ray, type SAQP1 
Miscallaneous: 
211429 Catch: cabinet, push button type, without spring 
210862 Clamp: cable, black nylon 
213223 Coupling: flexible, insulated 
213221 Coupling: resistor 
213224 Cover: capacitor, insulating 1” ID x 4” he. 
206007 Cover: capacitor, insulating, 1.46" ID x 4.063 ht. 
213218 Cushion: rubber, bezel shock mtg. 
213215 Escutcheon: front panel overlay 
213275 Extension: bushing, brass 
213220 Filter: light green, part of bezel 
205914 Holder: fuse 
213228 Insulator: ceramic pillar, % dia. x 3/4 ht., #6-32 
tapped hole 
211347 Jewel: pilot light, red 
30075 Knob: control, pointer type, 1” dia. 
205329 Knob: control, pointer type, 3/4" dia. 
94863 Lamp: pilot, 6 v, 0.2 amp 
203.222 Light: bezel, edge window lighting including lamps 
213219 Nut: thumb, bezel adjustment 
213216 Shield: magnetic, cathode ray tube 
56359 Shield: tube, for noval sockets 
210554 Socket: pilot light 
54414 Socket: tube octal 
65451 Socket: tube, 4 contact, hi voltage 
213225 Socket: tube, 14 contact 
94925 Socket: tube, 7 pin miniature 
213226 Socket: tube, 7 pin miniature, hi voltage 
94926 Socket: tube, 9 pin miniature 
94880 Socket: tube, 9 pin with shielded base 
213227 Terminal: stand-off 


213217 Window: bezel, special engraved scale 
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NOTES 
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Figure CRO-9. CRO Waveform Monitor, Block Diagram 
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Figure CRO-10. CRO Waveform Monifor, Schematic Diagram 


ELECTRONIC RECORDING PRODUCTS 


CRO/Monitor Switcher 


UNIT 307 


RADIO CORPORATION OF AMERICA 
INDUSTRIAL ELECTRONIC PRODUCTS, CAMDEN, N. J. 


1B-3 1144 


Figure CMS-1. CRO/Monitor Switcher 


DESCRIPTION Oscilloscope (CRO). In order to ascertain if the 


; ; eo ; 2 vay selected waveform is correct compare it with the 
CRO/Monitor Switcher, unit 307, Figure CMS-1, 


is a pushbutton panel mounted beneath the Cathade 
Ray Oscilloscope (CRO) in rack number 3. It pro- 


appropriate waveform, 


vides a convenient means of selecting the various Monitor 
signals for display on the CRO and picture monitors The pushbutcons under MONITOR select the 
for performance evaluation while operating the tape desired information to be displayed on the television 


recorder, The switcher consists primarily of two 
pushbutton switch assemblies, one for the OSCILLO- 
SCOPE (12 pushbuttons) and one for the MONI- 
TOR (6 pushbuttons). When the pushbuttons are 
not depressed they are terminated in their proper 


picture monitor (unit 103). When the pushbutton 
labeled TW’ PULSE ts pressed white dots will appear 


on the raster instead of a picture. 


resistance so that no transients will be fed out on the 


program line when switching occurs. MAINTENANCE 


Oscilloscope Cleaning 
The pushbuttons under OSCILLOSCOPE select the The switches of the CRO/Monitor Switcher should 
desired waveform to be viewed on the Cathode Ray be cleaned periodically. 
OSCILLOSCOPE 


Originating Chassis 


Input Video signal from Distribution Amplifier #1. 


Pushbutten 


VID IN 
DEMOD OUT 
LINE OUT 
2X1 OUT 
CT REC 
CT PB 
TEST VID 
REF PULSE 
TW PULSE 
HW SERVO 
CAP SERVO 


Demodulator output signal from Distribution Amplifier #2. 


Video output signal from Signal Processing Amplifier. 


FM output signal from 2X1 Switcher. 


Control track video head current during record. 


Control track video head current during play. 


Output signals from station color bar generator. 


60 cycle output signal from reference generator. 


240 cycle output signal from Tone Wheel Amplifier. 


Head Wheel Servo trapezoid generator output TP8. 


Capstan Servo sawtooth generator output. 


MONITOR 


Originating Chassis 


Input video signal from Distribution Amplifier #1. 


Pushbutten 


VID IN 
DEMOD OUT 
LINE OUT 
TW PULSE 


Demodulator output signal from Distribution Amplifier #2. 


Video output signal from Signal Processing Amplifier. 


240 cycle output signal from Tone Wheel Amplifier (white dots on raster). 


CMS-2 


VID IN VID IN 
(Horiz. Rate) (Vert. Rate) 


DEMOD OUT DEMOD OUT 
(Horiz. Rate) (Vert. Rate) 


LINE OUT LINE OUT 
(Horiz. Rate) (Vert. Rate) 


Figure CMS-2. Waveforms Displayed on CRO Monitor 


2 mk OUT CT REC 
(240 Rate) (Vert. Rate) 


CYT REC CT PB 
(Expanded) (Playback) 


CT PB 
(Simul, Playback-Record) TEST VID 


Figure CMS-3. Waveforms Displayed on CRO Monitor 
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eet 


REF PULSE 
(240 Expanded) 


HW SERVO 
(240 Rate) 


CAP SERVO 
rt 


Rate-Playback 


CN rae 


See 


(Ve 


TW PULSE 
(240 Expanded) 


HW SERVO 
(Expanded) 


CAP SERVO 
(Expanded-Record) 


CAP SERVO 


(Vert. Rate-Record) 


Figure CMS-4. Waveforms Displayed on CRO Monitor 
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LIST OF PARTS 


CRO MONITOR SWITCHER (897446 7- 503 ) 


Gi 727866-147 Capacitor: mica, 1000 ee 10%, 500 v char ‘fB” 


C2. 8914319- 332 Capacitor: mica, 220 puef £5%, 500 v char ‘“'F” 
C3 & C4 8811l 82-7 Capacitor: ceramic, 1000 puf +100 -20%, 500 v 
Jl to J5 51800 255223-2 Connector: coax, chassis mtg. 
3655-7 Not Used 
J8 to J13 51800 255223-2 Connector: coax, chassis mtg. 
J14 Not Used 
J15 51800 255223-2 Connector: coax, chassis mtg. 
J16 Not Used 
J17 to J23 51800 255223-2 Connector: coax, chassis mtg. 
J24 52107 727969-13 Connector: male, 4 contact 
Pl, P2 215661) 252868- 1] Connector: coax, cable mtg. 
54246 893648-2 Adapter: solder type 
P38 bOCiPT Not Used 
P8 215661 252868-1 Connector: coax, cable mtg. 
P9 to Pl2 215661 252868- 1 Connector: coax, cable mtg. 
54246 893648-2 Adapter: solder type 
P13 21566) 252868- 1] Connector: coax, cable mtg. 
P14 Not Used 
PLS 215661 252868-1 Connector: coax, cable mtg. 
P16 Not Used 
P17 215661 252868- 1 Connector: coax, cable mtg. 
P18 215661 252868- 1 Connector: coax, cable mtg. 
54246 893648- 2 Adapter: solder type 
P19, P20 215661 252868-1 Connector: coax, cable mtg. 
P21, P22 Not Used 
P23 215661 252868- 1 Connector: coax, cable mtg. 
54246 893648-2 Adapter: solder type 
P24 52108 727969-14 Connector: female, 4 contact 
Rl to R5 82283-132 Resistor: fixed, comp., 75 ohm £+5%, 1% w 
R6,R7 Not Used 
R8, R9 82283-129 Resistor: fixed, comp., 56 ohm +5%, % w 
R10 82283-132 Resistor: fixed, comp., 75 ohm £5%, % w 
R11, R12 82283-11 7 Resistor: fixed, comp., 18 ohm £5%, % w 
R13,R14 8 2283-166 Resistor: fixed, comp., 2000 ohm £5%, % w 
S1,$2 Not Used 
S3 219525 8723780-2 Switch: pushbutton, 6 position 
S4 219524 8723780-1 Switch: pushbutton, 12 position 


| eons 470691-501 ee ton: clear plastic for S3 and S4 } 
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NOTE 2. USE PT.NO.37 , .032 DIA. BUS AND PT.NO.32, .0421D SLEEVING FOR ALL WIRES TO CRO 


AND MONITOR SWITCHES, EXCEPT WHERE TWISTED PAIRS ARE SHOWN. RUN WIRES AS 
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Figure CMS-5. CRO Monitor Switcher Schematic Diagram 
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Figure SPA-1. Signal Processing Amplifier (for Color System) 
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Figure SPA-2. Signal Processing Amplifier (for Monochrome System] 
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TECHNICAL DATA 


Power Required 
LL? V 60 cycles AC 
20 watts 


Inputs 


Video: 1 v p-p nominal 
Color: 1 v p-p nominal 
Sep. Sync: 4 v p-p nominal 
3.58 me: 2 v p-p nominal 


Outputs 


Video Out #1: 1 
composite) 
Video Out #2: 1 
Video Out #3: 1 
Regenerated Syne: 4 v p-p nominal 
Horizontal Drive: 4 v p-p nominal 


, p-p nominal (composite or non- 


y p-p nominal 
, p-p nominal 


Fuses 


11FL 1 amp 
11F2 0.5 amp 
11F3 0.75 amp 


Transistor and Diode Complement 


Monochrome System 
2N404 1N100 
2N1090 1N2069 
2N1301 INS4A 
2N1183 1NGO8 
2N1143 1N2071 
2N1091 5V3170 
2N1417 650C 
2N595 
2N332 
2N301 


2N1301 8983872-1 
2N 1224 1N538 
2N1090 IN100 


DESCRIPTION 


* 


Introduction 

The Signal Processing Amplifier serves as a “‘re- 
vitalizing center” for the synchronized elements of the 
composite video signal, to assure the system output of 
a standard video signal suitable for transmission. The 
video signal is clamped to set the proper DC level, new 
blanking is added accurately and old sync is removed 
and new added. When a color signal is present, the 
old burst is removed and new burst is added. When 
the video signal enters the processing amplifier, the 
sync pulses may be deformed, with noise spikes and 
switching disturbances during the blanking interval. 
integration of the processing amplifier into the system 
provides an outgoing video signal with a clean and 
adjustable black level and a clean horizontal-sync 
interval. The amplifier completely regenerates hori- 
zontal sync, regenerates horizontal and vertical blank- 
ing and reinserts the vertical interval. The clean hori- 
zontal interval eliminates misclamping, in transmitter 
and stabilizing amplifiers, which tends to occur because 
of the noise in the area below black level. 


All of the modules are transistor units with new cir- 
cuitry which contributes greatly to the overall stability 
and provides a means for accuracy and fast, automatic 
recovery of vertical-blanking regenerating circuits. 
Horizontal and vertical pulse-advance techniques, 
pulse-narrowing circuits, regulator circuits and multi- 
vibrators are all special features of this device and are 
discussed in full where most applicable for each 
module. Block diagrams are provided for each module; 
a series of waveforms keyed to simplified schematics 


are included with the description of each module (ex- 
cept the Power 1 and Power 2 Modules). Photographs 
with callouts and a complete schematic for each 
module are also included with this instruction book. 


Overall Physical Description 

As shown in figure SPA-1, the Signal Processing 
Amplifier consists of a standard 19-inch wide, rack- 
mounting frame, only 514 inches high, in which the 
following eight plug-in modules are installed: 


Input and Blanking Vertical Advance 


Output Sync Logic 
* Color Power 1 
Horizontal AFC Power 2 


The frame mounts eight, 24-terminal connectors 
which engage the matching pin connectors at the rear 
of each module. As shown in figure SPA-3, two 
brackets, mounted at an angle to the rear apron, pro- 
vide a convenient mounting area for the AC power 
receptacle and twelve coaxial connectors. Refer to the 
Connector Chart. Relay K1 is mounted on the frame 
between the brackets, adjacent to an unused connector 
aperture, and provides a means of switching signal 
paths for monochrome or color operation. The width 
of the module varies; four of the modules are one 
unit wide (134 inches) and four are two units wide 
(23/4, inches). 


* As shown in figure SPA-2, when the TRT system is a mono- 
chrome system, a blank panel is inserted to preserve uni- 
formity. 
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Figure SPA-3. Signal Processing Amplifier Rear View 


CONNECTOR CHART 


POWER AC Power Plug (See Frame Schematic Figure SPA-45) 

OUT #1 Output Module 

OUT #2 Output Module Output #2 3J3-10 

OUT #3 Output Module Output #3 33-9 

VIDEO IN Relay KI Terminal 14 (To 1J1-1 when K1 deenergized) 
NOT USED 
COLOR Relay K1 Terminal 13 (To 1Ji-1 when K1 energized) 
SYNC IN Hor. AFC Module SEP. SYNC IN, 6J6-1 

(Loop thru) 
3.58 IN Color Module 3.58 MC IN, 5J5-24 


Terminated 
H.D, OUT Sync Logic Module Horizontal Drive Output, 9J9-10 
SYNC OUT Output Module Sync Out, 3J3-24 


On the front panel of each module are mounted the points on the front panel. The Power 1 Module has 
controls, switches and adjustments necessary to the 


function of the module in its relation to the other 
modules, Six of the modules have a series of test chart is a convenient reference: 


a meter for checking the voltage supply. The following 


PANEL CONTROLS AND TEST POINTS 


Adjusts the video gain 


Function 


Adjusts the pedestal (black level) 


Test point for checking video input signal 
Test point for checking clamping pulses 
Test point for checking video signal after clamping 


SPA-5 


Adjusts amplitude of sync output 


Test points for checking each output with syne added 


Test point for checking the input video signal to the module 


Test point for checking sync output to the frame for use in the 


TRT System 


Panel Designation Symbol 
Input and Blanking 
VID LEVEL 1R5 
PEDESTAL 1R25 
VID IN 1TP1 
CL PUL 1TP2 
3.5V VID | 1TP3 
Output Module | 
SYNC LEVEL 3R16 
OUTPUTS 
1 3TP1 
2 3TP2 
3 3TP3 
VID IN 3TP5 
SYNC OUT 3TP6 
Horizontal AVC 
31.5 KC OR7 
FREQ SET 6S1 
aa oTP1 
AFC SAW 6TP2 
AFC PUL oTP3 


Adjusts master oscillator frequency 


Disables AFC for adjusting master oscillator frequency 
Test point to check 15.75 ke pulse counter 

Test point to check sawtooth waveform 

Test point to check AFC pulse at collector 6Q4 


Vertical Advance 
STABILITY TEST 


8R30—-8S1 


Check for marginal operation of multivibrators 


“7 s8TP1 
—5 8TP2 
= 5 8TP3 
=o 8TP4 Test points to check the pulse width at each counter MV output. 
3.5H 8TP5 Test point to check 3.5H 
STRT PUL 8TPG6 Test point to check Start Pulse 
Sync Logic Module 
H. BLKG WIDTH 9R33 Adjusts horizontal blanking width 
V. BLKG WIDTH ORI Adjusts vertical blanking width to 21H (1333.5 microseconds) 
9H OTP 1 Test point to check 9H pulse 
SYNC GATE 9TP2 Test point to check gated vertical sync 
BL 9TP3 Test point to measure blanking output 
Bo ce _s ree a 
Power 1 Module 
—22V ADJ 11R12 Adjusts to read —22V on meter 11M1 
READ 11S] Press switch to read —9V on meter 11M] 
9. 
Power 2 Module 
—9V 12TP1 Test point to check —9V output 
—22V 12TP2 Test point to check —22V output 


Color Module 
RECORD PHASE 
CHR 
BLKG 
VID 
3.58 MC 
BUR 
SYNC 

PBLK PHASE 

BURST 

CHROMA 


5R50-5S1 
5TP1 
5TP2 
5TP3 
5TP4 © 
STPS 
STPG 
5R45 
5R64 
5SR75 


Adjusts burst phase in RECORD mode 

Test point to check amplitude of chroma signal after amplification 
Test point to check blanking signal from Sync Logic Module 

Test point to check video input to low pass filter 

Test point to measure incoming 3.58 me signal 


Test point to check new burst 


Test point to check gated (9H) Horizontal Sync 
Adjusts burst phase in PLAYBACK mode 


Adjusts burst amplitude 
Adjusts chroma gain 
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Figure SPA-4. Signal Processing Amplifier with Extender 


For convenience in servicing the individual modules 
under operating conditions, an accessory called an 
Extender has been supplied. As shown in figure SPA-4, 
this extender consists of a skeleton module with a 
duplicate receptacle mounted at each end so that the 
module to be serviced may be removed, the extender 
plugged in its place, and the module mounted on the 
extender. Both sides of the module may now be easily 
serviced. Although the mounting bracket is the width 
of the narrow modules, the wider modules may also 
be mounted on the bracket. 


| Signal Processing Amplifier Frame 


Inputs 


ji7 VIDEO IN 

j20 SYNC IN (Loop thru J21 to Ref. Generator J8) 
jig COLOR IN 

j22 3.58 MC IN (J23 terminated) 


Orientation in TV Tape Recorder System 


The processing amplifier modules receive the video 
signal (monochrome or color) and other related 
pulses through the coaxial jacks and the relay Ki 
(COLOR/MONO) which is mounted on the rear 
center of the amplifier frame, Output and input signals 
and pulses are also available for the modules and for 
the system through these jacks. The following tabula- 
tion shows the system unit-connections for the input 
and output signals of the processing amplifier: 


ay 


TV Tape Recorder System Units 


Unit-Connections 


Distribution Amplifier #2 (303) OUTPUT B 
J6 
2 X 1 Switcher (309) SYNC OUT 
Js 
Chroma Processor (604) COLOR OUT 
J3 
Subcarrier Converter (606) REF 3.58 
jJ2 


a — 


Out puts 
ji4 
jis 


OUT #1 
OUT #2 


OUT #3 


J16 


SYNC OUT 
HOR DRIVE 


24 
jas 


Unit-Connections 


TV Tape Recorder System TRT OUTPUT 


CRO Monitor Switcher (307) LINE OUT 
J3 

Color Monitor Switcher (601) LINE OUT 
Js 


TRT System 
TRT System 


Circuit Description 


1. Overall 


The block diagram, figure SPA-5, shows how the 
processing amplifier functions in a monochrome sys- 
tem and in a color system, when the Color Module has 
been included in the frame. However, the input and 
output modules function differently for each system. 
The other three pulse-forming modules perform 
specific and essential functions in contributing to the 
complete rejuvenation of the synchronizing elements 
of the video signal for both monochrome and color 


SPA-7 


systems. The simplified schematics, figure SPA-7 for 
the monochrome system and figure SPA-8 for the 
color system, show the path of the video signal, ignor- 
ing for the moment the contributions from the pulse 
forming modules and power modules as shown in the 


block diagram. 


As shown in figure SPA-7 for the monochrome sys- 
tem, the video signal from the tape recorder system is 
fed to the jack J17 and then to the relay K1, located 
on the rear of the mounting frame. Relay K1 is ener- 
gized when the CHROME-MONOCHROME switch 
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Figure SPA-5. Signal Processing Amplifier Block Diagram 
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$1 on the Demodulator, unit 201, is placed in the 
CHROME position and the TEST switch S1 on the 
Burst Oscillator, unit 605, is in the OPERATE 
tion, Relay K1 is deenergized when the demodulator 
switch is placed in the WAR or MONO positions. 
With relay K1 deenergized, contacts 12 and 14 are 
closed, and the signal goes to 1]1-1 on the Input and 
Blanking Module. 
amplifier 1Q1 and passed through the emitter follower 
1Q2 to 1}1-16, VIDEO OUT. The signal then passes 
through the closed relay contacts 6 and 8 which effec- 
tively short the signal back to 1J1-18 (MONO RE- 
TURN) to the feedback amplifier 1Q3. The signal is 
amplified and clamped as explained on p. SPA-11. 
From the MONO OUT, 1J1-12, the signal passes to 
the Output Module through 3]3-1 and is amplified 


posi- 


The signal is amplified by the 


in 3Q1. This module recombines the video and regen- 
erated sync to form a composite video signal, avail- 
able at three output jacks, which is explained in detail 


on p. SPA-14, 


As shown in figure SPA-8, for the color system, the 
color signal from the color equipment is fed to jack 
J19 and then to relay K1, located on the rear of the 
mounting frame. With the relay energized, contacts 
12 and 13 are closed and the signal goes to 1]}1-1 on 
the Input and Blanking Module. The signal is ampli- 
fied by the amplifier 1Q1 and then passed through 
the emitter follower 1Q2 to 1J1-16, VIDEO OUT. 
The color signal then follows two paths. Through the 


first path, 5]5-1, in the Color Module, the low pass 
filter removes the chroma information and passes the 
luminance signal, This luminance signal is returned 
from 5J5-3 to 1J1-18 on the Input and Blanking 
Module for monochrome processing as outlined for 
the monochrome signal, The luminance signal is 
separated from the chroma information because the 
parts of the chroma signal below black level would be 
clipped off if the chroma were fed through the mono- 
chrome processing circuits. The other signal path ts 
through the closed relay contacts 6 and 7 of K1 to 
5]5-2 on the Color Module, Here the signal passes 
through a high pass filter which removes the luminance 
signal and passes the burst and chroma information. 
As explained in detail on p, SPA-40, here the old 
burst is clamped out and new burst is made from the 
local 3.58 mc reference subcarrier, Chroma and burst 
are then fed through relay K1-10 to the Output Mod- 
ule, 3J3-17 to the color adder 3Q2 which adds the 
chroma and burst to the output of the black-level 
clipper 3Q1. As explained for the monochrome signal 
system, the output module provides a video signal 
which is available at three separate outputs. 


. Input and Blanking Module 
(Refer to Block Diagram Figure SPA-6.) 
Monochrome 
The video signal from the Tape Recorder System 
(Distribution Amplifier #2) is fed into the Signal 
Processing Amplifier through J17, which is mounted 
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Figure SPA-6. Block Diagram of Input and Blanking Module 
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Figure SPA-8. Simplified Schematic for Color System 
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Figure SPA-9. Simplified Schematic of Input Section 


on the rear bracket of the frame. As shown in figure 
SPA-9, the signal passes through the deenergized relay 
K1 closed contacts 12 and 13 to 1J1-1 to the amplifier 
1Q1. This circuit has a maximum gain of 2 and is 
adjusted by the VIDEO LEVEL control 1R5. Then the 
signal passes to 1Q2, an emitter follower, and out 
1J1-16, With the relay contacts 6 and 8 closed, the 
signal is effectively shorted from 1J1-16 to 1J1-18, 
(MONO RETURN) to the feedback amplifier 1Q3 
and 1Q4. The feedback amplifier provides the larger 
signal of 3.5 volts which is necessary for stable clamp- 
ing and passes it to the emitter follower 1Q5 which is 
clamped at the proper operating point by the bridge- 
connected diodes in the clamp 1Z1. Refer to figure 
SPA-10. The clamp pulses aré timed to occur during 
the back porch interval by the action of the clamp 
pulse amplifier 1Q10, a “boxcar’’ circuit* which is 
driven to cutoff by the negative going trailing edge 
of the gated horizontal sync pulse. This circuit re- 
mains cut off for a time determined by 1R39 and 1C16 
which is approximately the back porch interval. The 
positive going pulses in the collector circuit are in- 


verted in 1Q14 and applied by the clamp driver 1Q11, 
opposite in phase, across the clamp 1Z1, The clamp 
pulse cancels out in 1Z1 during the clamping interval. 
The signal passes from the emitter follower 1Q5 to 
the emitter of 1Q6 and out 1J1-12 to the Output 
Module. Blanking is supplied from the Sync Logic 
Module through 1J1-9 to the base of the blanking 
adder 1Q6 which operates in conjunction with the 
black clipper 3Q1. Refer to the following description 
of the Output Module. The PEDESTAL control 1R25, 
in the emitter circuit of 1Q6, adjusts the DC level of 
the combined signals relative to a fixed clipping level. 
The diode 1CR1 sets the DC level of the blanking 
signals at —12 voits obtained from the Output 
Module. 
Color 

The path of the color signal from J19 through 1Q1 
and 1Q2 has been shown in figure SPA-8. The lumi- 
nance signal returns through the MONO RETURN 
path to be processed as a monochrome signal which 


is then fed to 3Q1 in the Output Module. 


* See Basic Circuit Descriptions on p. SPA-48, 
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A. Base of 1Q1 at 10 micro- 
seconds/cm; lv p-p. 


B. Collector of 1Q1 at 10 micro- 
seconds/cm; .2/division. 


C. Emitter of 1Q1 at 10 micro- 
seconds/cm; .5v/division. 


D. Emitter of 1Q2 at 10 micro- 
seconds/cm; .2v/division. 


E. Base of 1Q3 at 10 micro- 
seconds/cm; .05v/division. 


F. Collector of 1Q3 at 10 micro- 
seconds/cm; 2v/division. 


G. Emitter of 1Q4 at 10 micro- 
seconds/cm; 2v/division. 
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Figure SPA-10. Simplified Schematic of Clamp and Adder Section 
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B. Base of 1Q6 at 10 micro- C. Emitter of 1Q6 at 10 micro- 


A. Emitter of 1Q5 at 10 micro- fs 
eed : seconds/cm; 2v/division. seconds/cm; .5v/division. 


seconds/cm: 2v/division. 


D. Gated Horiz. In 131-3 at 10 micro- E. Base of 1Q10 at 10 micro- F. Colector of 1Q10 at 10 micro- 
seconds/cm; 1v/division. seconds/cm; 1v/division. seconds/cm; 5v/division. 


G. Collector of 1Q14 at 10 micro- H. Base of 1Q11 at 10 micro- 1. Collector of 1Q11 at 10 micro- 
seconds/cm; 5v/division. seconds/cm; 5v/division. seconds/cm; 5v/division. 


J. Emitter of 1Q11 at 10 micro- 
seconds/cm; 5v/division. 


INPUT AND BLANKING MODULE 


SPA-14 


3. Output Module 
(Refer to Block Diagram Figure SPA-11.) 


Monochrome 


The Output Module combines the video signal and 
regenerated sync to form the composite video signal, 
which is available at three output jacks on the frame. 
A separate regenerated sync output is also provided 
at jack J25. 


As shown in the simplified schematic figure SPA-12, 
the processed monochrome signal from the Input and 
Blanking Module is fed to the black clipper 3Q1. 
This clipper circuit conducts when the emitter voltage 
is more positive than the —12 volts supplied to the 
base. This — 12 volts is also supplied to the blanking 
adder 1Q6 which in conjunction with 3Q% effectively 
clips all signals blacker-than-black at the blanking 
level, The series amplifiers 3Q5 and 3Q6 serve as the 
driver stage for each of the three identical series 
output stages. 


Regenerated sync from the Sync Logic Module is 
fed to the base of the sync output 3Q3 and to the sync 
adder 3Q4 through the pulse-shaping circuits, 3R7, 


3C7 and 3R8, 3C8 respectively. Refer to figure 
SPA-13. The potentiometer 3R16, SYNC LEVEL, is 
in series with the resistor 3R21. The sync output of 
3Q4 is added to each of the three video outputs 
through the isolation resistors 3R18, 3R22, 3R23. The 
switch 3S1, located on the side of the module, is 
normally in the ON position but may be turned to 
OFF to remove sync from the video signal at OUT- 
PUT #1, if desired. The sync output is obtained from 
the collector circuit of 3Q3 through resistor 3R2 


which provides a sound termination for the line. 


Color 


In the color system, the luminance signal is proc- 
essed in the Input and Blanking Module through the 
same circuitry as the monochrome signal, from the 
input to the black clipper 3Q1. From the Color 
Module, chroma and burst are fed to the color adder 
3Q2. The output of 3Q2 is added to the output of 
3Q1 in the common load resistors, 3R9 in parallel 
with 3R12. This video signal then passes through the 
driver stage and the three identical series amplifiers 
to which sync is added to provide three color outputs. 
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Figure SPA-11. Block Diagram of Output Module 
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Figure SPA-12. Simplified Schematic of Clipper and Output Amplifier Sections 


G. Collector of 3Q8, 3Q10, 3Q12 at 
10 microseconds/cm; .5v/division. 


C. Collector of 3Q5 at 10 micro- 
seconds/cm; .5v/division. 


B. Collector of 3Q1 at 10 micro- 
seconds/cm; .5v/division, 


A. Emitter 3Q1 at 10 micro- 
seconds/cm: .5v/division. 


F. Collector of 3Q7, 3Q9, 3Q11 at 
10 microseconds/cm; .5v/division. 


E. Emitter of 3Q6 at 10 micro- 
seconds/cm; .5v/division. 


D. Emitter of 3Q5 at 10 micro- 
seconds/cm; .5v/division. 


H. Emitter of 3Q8, 3Q10, 3Q12 at I 
10 microseconds/cm; .5v/division. 


Test Point 3TP1, with switch 3S1 
in ON Position, at 10 micro- 
seconds/cm; .5v/division. 


NOTE: Monochrome operation only; no burst and chroma added. 
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Figure SPA-13. Simplified ‘Schematic of Syne Adder Section 


A. Regen. Sync In 333-3 at 10 micro- B. Base of 3Q3 at 10 micro- 
seconds/cm; 5v/division. seconds/cm; 5v/division. 


C. Collector of 3Q3 at 10 micro- D. Syne Out 353-20 at 10 micro- 
seconds/cm: 5v/division. seconds/cm; 2v/division. 


E. Base of 3Q4 at 10 micro- F. Collector of 3Q4 at 10 micro- 
seconds/cm; .5v/division. seconds/cm; 5v/division. 


OUTPUT MODULE 


SPA-18 


4. Pulse Forming Modules 


The three pulse-forming modules, Horizontal AFC, 
Vertical Advance, and Sync Logic, form a sync timing 
and regeneration system. These three modules are 
closely interlinked functionally and physically to pro- 
duce blanking, gated horizontal sync, regenerated sync 
and horizontal drive. The blanking pulses needed for 
both monochrome and color tape recording systems 
must be regenerated from the sync pulse. 


Several advanced concepts in pulse circuitry have 
been used in designing these modules. The description 
of these techniques and circuits is discussed where 
applicable; however, when the information is appli- 
cable to more than one circuit, refer to Basic Circuit 
Descriptions, p. SPA-47, which cover the details of 
new pulse-forming transistor circuits. A block dia- 
gram and waveforms, keyed to simplified schematics 
for the functions accomplished in each module, clarify 
the crisscrossing between modules, 


a. HORIZONTAL AFC MODULE. 
(Refer to Block Diagram Figure SPA-14.) 
Of the three-pulse forming modules the Horizontal 
AFC is the most straight-forward because it produces 
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a 31.5 kc pulse, a 15.75 kc horizontal square wave and 
a horizontal sync pulse. The 31.5 kc pulse is provided 
for the Vertical Advance Module and the 15.75 kc 
horizontal square wave, for the Sync Logic Module. 
In contrast to the Horizontal AFC Module, the Verti- 
cal Advance Module and the Sync Logic Module are 
closely tied together in that they trigger each other 
to achieve a continuous flow of correctly timed pulses. 


Horizontal Pulse Advance Technique 

The sync signal is easily recovered from the incom- 
ing composite video; however, the blanking signal 
which cannot be removed reliably, must be regen- 
erated from sync. The desired blanking pulse must 
precede by 1.7 microsecond (nominal front porch 
width) the sync signal from which it is generated, 
Since sync and blanking are both recurrent pulses, the 
position of the next sync pulse from the position of 
the preceding one may be predicted. Although a 
simple delay multivibrator with a nominal pulse width 
of 62.2 microseconds might seem useful for this pur- 
pose, its accuracy in pulse width and frequency is 
inherently inadequate for the application. Even if the 
tolerance of better than +0.1% required in the multi- 
vibrator to hold the front porch width to within 3% 
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Figure SPA-14. Block Diagram of Horizontal AFC Module 
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Figure SPA-15, Block Diagram Showing Pulse Advance Circuit 


were met, changes in horizontal frequency of only 
+19% would reduce the front porch from its nominal 
1.7 microseconds to 0.43 microseconds, which is less 
than half the allowable minimum. 


Horizontal pulse advance is obtained through the 
multivibrator master oscillator, 6Q1, 6Q2, for which 
the frequency and phase is controlled by an automatic 
phase control circuit referenced to the incoming sepa- 
rated sync. The block diagram, figure SPA-15, clarifies 
this technique. The feedback loop which controls the 
phase of the multivibrator contains a 1.7 microsecond 
delay, The APC loop aligns the two pulses appearing 
at the phase comparator. However, the multivibrator 
pulse is delayed by 1.7 microseconds before reaching 
the comparator. Thus, the undelayed multivibrator 
pulse precedes sync by 1.7 microseconds and is prop- 
erly timed to regenerate horizontal blanking. In this 
system, the feedback loop tracks any changes in hori- 
zontal frequency, eliminating variation in front porch 
width due to frequency changes; also, a one percent 
change in delay causes only one percent change in 
porch width. 


Circuitry 

The master oscillator is an astable multivibrator* 
used to produce a square wave. The free running fre- 
quency of the master oscillator, as shown in figure 


SPA-16, is determined by the charging time of capaci- 
tors 6C2 and 6C3 through the resistors 6R7, 6R8, and 
6R9. An AFC current from the AFC amplifier 6Q3, 
added to the charging current, corrects the frequency 
and phase of the master oscillator. The frequency is 
set to approximately 31.5 kc by the FREQ. ADJ. con- 
trol 6R7, using a fixed value of AFC current, This 
fixed AFC current is obtained by pressing the SET- 
RUN switch 681 to the SET position according to the 
procedure in Maintenance, Adjustment of Master Os- 
cillator Frequency. From the collector of 6Q1, the out- 
put of the 31.5 kc square wave goes to the Vertical 
Advance Module and also to the trigger amplifier 
6Q8 where it is coupled to the base by capacitor 6C14. 

To provide a 15.75 kc square wave (half the 31.5 
kc pulse) which is properly timed for the generation 
of horizontal blanking and horizontal drive in the 
Sync Logic Module, the divide-by-two monostable 
multivibrator, 6Q9, 6Q10, is triggered from the trigger 
amplifier 6Q8. Refer to figure SPA-17. Both tran- 
sistors of the 2 multivibrator® are saturated in the 
stable state and driven to cutoff by a positive trigger 
pulse. The time constant 6C16 and 6R30 determines 
the duration of the cutoff period which is slightly 
greater than the period of the 31.5 kc trigger. Both 


* See Basic Circuit Descriptions on p. SPA-47, 
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Figure SPA-16. Simplified Schematic of Master Oscillator Section Ss 


A. Base of 6Q1 at 10 micro- B. Collector of 6Q1 at 10 micro- 
seconds/cm: 5v/division. seconds/cm; 5v/division. 


D. Collector of 6Q2 at 10 micro- 
seconds/cm; 5v/division. 


C. Base of 6Q2 at 10 micro- 
seconds/cm: 5v/division. 
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Figure SPA-17. Simplified Schematic of +2 MV Counter Section 


transistors then revert to the saturated state until the 
next trigger pulse. 


A gating action is accomplished by DC connecting 
the emitter of 6Q8 to the collector of 6Q10. Refer to 
figure SPA-18. When 6Q10 is in the saturated or 
stable state, the 6Q10 collector and 6Q8 emitter are 
at —9v. Since the voltage at the collector of 6Q8 is 
approximately —4.5 volts, through the voltage divider 
6R28 and 6R29, the transistor is capable of passing a 
trigger pulse applied to its base. Coupled to the base 
of 6Q9, the positive going trigger pulse at the emitter 
of 6Q8 cuts off 6Q9 which simultaneously cuts off 
6Q10. When 6Q10 is cut off, the voltage at its collector 
and at the emitter of 6Q8 rises to 0 volts making it 
impossible for 6Q8 to pass trigger pulses, Amplifier 
6Q8 is biased so that it does not pass the negative 
going pulses applied to its base. 


A 15.75 ke square wave from the collector of 6Q9 
is fed to the base of the front porch delay generator 
6Q11. The shunt capacitor 6C17 at the base of 6Q11 


slows down the rise time of the square wave. Transistor 
6Q11 does not conduct until the potential in the base 
falls to approximately the fixed emitter potential 
formed by the voltage divider, GR35 and 6R53. The 
time taken to reach this potefitial is the delay time. 
In conduction, the 6Q11 circuit produces, at the col- 
lector, a fast-rise-time square wave whose leading edge 
is delayed from that of the input square wave. By 
setting the rise-time of the input square wave, poten- 
tiometer 6R52, the FRONT PORCH DELAY control, 
sets the delay in conduction of 6Q11. 


As shown in figure SPA-18, this delayed 15.75 ke 
square wave output is coupled to the base of 6Q12. 
The horizontal sync generator 6Q12 is a pulse nar- 
rowing® circuit (boxcar). The width of the pulse is 
determined by the time constant 6C18 and 6R38 and 
6R37, the potentiometer HOR SYNC WIDTH. Re- 
generated horizontal sync for the Sync Logic Module 
is taken from the collector of 6Q12. 


* See Basic Circuit Descriptions on p. SPA-48. 


A. Base of 6Q8 at 10 micro- 
seconds/cm; 5v/division. 


D. Coliector of 6Q10 at 10 micro- 
seconds/cm; 5v/division. 


B. Emitter of 6Q8 at 10 micro- 
seconds/cm; 5v/division. 


E. Base of 6Q9 at 10 micro- 
secends/cm; 5v/division. 


G. Collector of 6Q1U1 at 10 micro- 
seconds/cm; 2v/division. 


C. Base of 6Q10 at 10 micro- 
seconds/cm; 2v/division. 


F. Collector of 6G9 at 10 micro- 
seconds/em; Sv/division. 


HORIZONTAL AFC MODULE 


The horizontal sync pulse is also coupled to the 
base of the sawtooth generator 6Q13. The integrating 
network 6R40, 6R54 and 6C19, slows down the rise 
time of the sync pulse enough to permit a slight delay 
in the time of conduction for 6Q13. This delay con- 
tributes to the total advance in timing of the 31.5 kc 
square wave relative to separated sync; however, it 
does not affect the front porch width since that width 
is determined only by the delay between the 15.75 kc 
square wave (used to generate horizontal blanking) 
and the leading edge of regenerated horizontal sync. 
The SYNC TIMING control 6R54 allows adjustment 
of the total delay over a small range so that the lead- 
ing edge of regenerated horizontal sync may be made 
coincident with the leading edge of incoming sepa- 
rated sync. Therefore, when regenerated horizontal 
sync is combined with the vertical interval of separated 
sync in the Sync Logic Module the equalizing pulses 
and the vertical sync pulses are correctly timed with 
respect to the horizontal sync pulses. 


The sawtooth generator 6Q13 conducts when the 
integrated sync pulse on its base drops to approxi- 


SPA-23 


mately the voltage on the emitter which is fixed by 
the voltage divider network GR41 and GR42. When 
6Q13 conducts, it provides a low impedance discharge 
path for capacitor 6C23. Then when transistor 6Q13 
is cut off by the decay of the input sync pulse, 6C23 
charges slowly through 6R43 and 6R44, generating a 
sawtooth voltage. The sawtooth voltage at the col- 
lector is direct-coupled to the bases of the comple- 
mentary symmetry bootstrap transistors, 6Q14 and 
6Q15. This bootstrap circuit increases the linearity of 
the sawtooth waveform; the complementary sym- 
metry arrangement provides sufficient current gain to 
drive the phase comparator. The output is taken from 
the emitters of 6Q14 and 6Q15. 


During the vertical interval,-equalizing pulses and 
vertical sync serrations occur at twice the rate (31.5 
kc) of the horizontal sync pulses. If this “double fre- 
quency” (half-line) information is permitted to trig- 
ger the clamp pulse generator, the phase comparator 
would be keyed on during the wrong part of the saw- 
tooth voltage cycle and thus provide wrong AFC 
information to the master oscillator. The circuitry as 
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Figure SPA-18. Simplified Schematic 


of Horizontal Sync and Sawtooth Generator Section 


A. Base of 6Q12 at 10 micro- 
seconds/cm; 2v/division. 


C. Base of 6Q13 at 10 micro- 
seconds/cm; 1v/division. 


. Collector of 6Q12 at 10 micro- 
seconds/cm; 2v/division. 


. Collector of 6Q13 at 10 micro- 


seconds/cm; 5v/division. 


E. Emitter of 6Q14 at 10 micro- 
seconds/cm; 5v/division. 


HORIZONTAL AFC MODULE 
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shown in figure SPA-19 provides only 15.75 kc pulses 
for the clamp generator 6Q5. 


Separated sync is fed to the base of 6Q7 through 
the differentiating capacitor 6C13. Normally 6Q7 is 
cut off but the negative spike from the differentiation 
of the leading edge of the sync pulse drives the saw- 


tooth generator into conduction. During conduction, 
the capacitor 6C12 discharges very rapidly through the 
transistor. As soon as the negative spike passes, 6Q7 
cuts off again and 6C12 charges slowly through 6R23. 
The clipper transistor 6QG6 conducts as soon as 6C12 
charges to —9 volts, the potential on the emitter, and 
is cut off when 6C12 is discharged at the leading edge 
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A. Base of 6Q7 at 50 micro- 
seconds/cm; 5v/division. 


B. Collector of 6Q7 at 50 micro- 
seconds/cm; 5v/division. 


C. Collector of 6Q6 at 50 micro- 
seconds/cm; 10v/division. 


D. Base of 6Q16 at 50 micro- 
seconds/cm; 2v/division. 


NOTE: Input SEP. SYNC used as timing reference for these waveforms. 


el 


of sync. The negative going signal at the collector of 
6Q6, when it cuts off, is used to trigger the clamp 
driver transistor and is also coupled through the in- 
tegrating network, 6R48 and 6C26 to the gate tran- 
sistor 6Q16 which is held to cut off during the 
horizontal sync pulse. The time constant of the inte- 
grating network is such that the voltage drops to 0 
volts prior to the time of arrival of any half line 
information which may be present. When the base 
potential drops to 0 volts, 6Q16 conducts providing a 
short circuit to the input signal and remains con- 
ducting until the base voltage rises above 0 volts. The 
time cycle required to accomplish this functioning of 
the gate circuit is dependent upon the time constant of 
6R23 and 6C12 in the sawtooth generator and is de- 
signed to occur after the half line information passes. 
When 6Q1G6 is conducting, the half line information is 
shorted to ground; when 6Q16 is cut off, the 15.75 
kc information is coupled to 6Q7. 

As shown in figure SPA-20, the 15.75 kc signal 
from the collector of 6Q6 is coupled to the clamp 
pulse generator 6Q5. Transistor 6Q5 is a boxcar™ cir- 
cuit which generates a narrow pulse; the leading edge 
of this pulse corresponds in time to the leading edge 
of sync. The positive pulse at the collector of 6Q5 is 
direct-coupled to the base of the clamp driver 6Q4. 


SPA-25 


In the clamp driver circuit, a negative pulse from 
the collector and a positive pulse from the emitter 
apply forward bias to all four diodes simultaneously. 
At the tips of the pulses, the diodes conduct momen- 
tarily connecting the sawtooth voltage to capacitor 6C7 
which acts as a memory device, storing the instan- 
taneous voltage of the sawtooth at the moment of 
connection. During the remainder of the horizontal 
period, the diodes are reverse biased and 6C7 remains 
at the clamped voltage which sets the operating point 
for AFC current amplifier 6Q3 supplying the AFC bias 
to the master oscillator. 


If the incoming separated sync signal changes fre- 
quency or phase slightly, the clamp pulse derived from 
it occurs at a slightly different time relative to the 
sawtooth voltage applied to the detector 6Z1, There- 
fore there is a change in the instantaneous voltage to 
which 6C7 charges. This change causes the AFC bias 
to bring the frequency and phase of the master oscilla- 
tor to correspond with that of the incoming signal. 
When the AFC loop is operating properly, sampling 
of the sawtooth voltage takes place on the fast posi- 
tive-going portion of the sawtooth. 


* See Basic Circuit Descriptions on p. SPA-48. 
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Figure SPA-20. Simplified Schematic of Phase Detector Section 


C. Emitter of 6Q4 at 20 micro- 
seconds/cm; 10v/division. 


B. Collector of 6Q5 at 20 micro- 
seconds/cm; 10v/division. 


A. Base of 6Q5 at 20 micro- 
seconds/cm; 2v/division. 


F. Clamp 6Z1 at 20 micro- 
seconds/cm; 10v/division. 


E. Test Points 6TP2 and 6TP3 at 10 
microseconds/cm; 5v and 
10v/division. 


D. Collector of 6Q4 at 20 micro- 
seconds/em; 10v/division. 


NOTE: Input SEP. SYNC used as timing reference for these waveforms (except E.). 


HORIZONTAL AFC MODULE 
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b. VERTICAL ADVANCE MODULE. 
(Refer to Block Diagram Figure SPA-21.) 


The Vertical Advance Module is required to pro- 
duce the timing edge which determines the leading 
edge of vertical blanking and the 9H gating pulse. 
The method of vertical-pulse advance used must regen- 
erate the vertical blanking edge, which precedes the 
vertical sync signal by 3H. The technique used to ob- 
tain vertical advance is that of counting horizontal 
pulses between adjacent vertical intervals. The 
counters are designed to follow any change in basic 
sync frequency and automatically readjust the position 
of vertical blanking. More over, they recover quickly 
from transient disturbances in the recording system. 


Timing Chart 

In the timing chart, figure SPA-22, the relative 
positions of the vertical blanking edge, equalizing 
pulses and vertical sync interval are shown. The lead- 
ing edge of the second vertical sync pulse is the earliest 
possible time for detecting accurately the position of 
vertical sync. Although the timing difference between 
vertical blanking and vertical sync is 3H, observe on 
the timing chart that the difference between the two 
edges—vertical blanking and vertical pulse position— 
is actually 3.5H. This timing distance of 3.5H must 


be maintained to produce vertical blanking from verti- 
cal sync. The timing distance of 3.5H is exactly the 
period of a +7MV counter running from a 31.5 kc 
master oscillator. The vertical advance circuits must, 
therefore, select that one period of the -7MV (one 
out of the 75 periods which occur in each field) which 
is so phased that the beginning of the period falls on 
the leading edge of vertical blanking and the end of 
the period falls 3.5H later in vertical sync. 


As shown in figure SPA-21, the 31.5 kc pulses sup- 
plied through the trigger gating circuits, 8Q12 and 
8Q13, activate a string of counters. The count is ini- 
tiated by the start pulse which is generated from the 
vertical sync in the Sync Logic Module. The counters 
count for 259 lines then shut off due to the coincidence 
of the last three counters (+5, +5, +3) and normally 
remain shut off for a period of 3.5H. This period of 
3.5H added to 259H equals 262.5 lines or one field. 
The next cycle is started by the generation of another 
START pulse from the Sync Logic Module. Under 
unusual operating conditions due to ‘a non-synchro- 
nous switch or a bad splice in the tape, the vertical 
sync period of the separated sync signal may arrive at 
a much later time. In this event, the counters remain 
off until a new start pulse is generated when vertical 
sync does arrive. 
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Figure SPA-21. Block Diagram of Vertical Advance Module 
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NOTE: ON refers to active counting time; OFF refers to resting time of counters. Conduct- 
ing state of transistors (ON — OFF) is opposite to that of the counters. 


Figure SPA-22. Pulse Timing Chart 
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Gating Circuits 

As shown in the simplified schematic, figure SPA-23, 
the 31.5 kc input pulses from the Horizontal AFC 
Module are applied to the base of 8Q13 through the 
differentiating network 8C16 and 8R45. Transistor 
8Q13 is an emitter follower which clips the negative 
spike from the differentiated pulse. The trigger pulses 
from the emitter of 8Q13 are coupled to the counter 
chain through the isolation diode 8CR8. 


The 31.5 kc pulses are gated by 8Q12 the gate 
driver which is driven to saturation during the 3.5H 
interval, shorting out the pulses. At all other times, 
8Q12 is biased off, allowing the pulses to pass to the 
counter chain. The 3.5H pulse driving 8Q12 is coupled 
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Figure SPA-23. Simplified Schematic 


to its base from the collector of 8Q11, the start pulse 
amplifier. Transistor 8Q11 is also normally biased off 
because its base is held to approximately 0 volts, the 
potential on the anode of 8CR6, During the 3.5H 
pulse interval, the anode voltage of 8CR6 drops to 
—9 volts, allowing the base of 8Q11 to fall to the 
potential determined by the bias network of 8R39, 
8R40 and 8R44. In this state, 8Q11 conducts and 
drives 8Q12 to saturation. Transistors 8Q11 and 8Q12 
remain conducting until a positive start pulse drives 
8Q11 off which in turn drives 8Q12 off. This allows a 
31.5 ke trigger to pass, starting the counters which 
terminates the 3.5H pulse. The base of 8Q11 is again 
held to 0 volts and does not conduct. 
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of 31.5 KC Trigger Gating Circuits 


A. 31.5KC IN, 838-1 at 10 micro- 
seconds/cm; 5v/division. 


C. Emitter of 8Q13 at 10 micro- 
seconds/cm; 5v/division. 


E. Collector of 8Q11 at 100 micro- 
seconds/cm; 2v/division. 
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B. Base of 8Q13 at 10 micro- 
seconds/cm; 5v/division. 


D. Base of 8Q11 at 100 micro- 
seconds/cm; 2v/division. 


F. Top: Collector of 8Q12 at 100 micro- 
seconds/cm; 5v/division. 

Bottom: Base of 8Q12 at 100 micro- 
seconds/cm; 5v/division. 


VERTICAL ADVANCE MODULE 
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Figure SPA-24. Simplified Schematic of Counter Stages --7 and —5 


Counters 

As shown in figure SPA-24, the first counter, the 
+7MV, is a monostable multivibrator similar in de- 
sign to the +2MV in the Horizontal AFC Module. 
Both transistors 8Q1 and 8Q2, conduct in the stable 
state. When the base is driven positive by the first 
pulse, the transistor 8Q1 is driven to cut off (also cut- 
ting off 8Q2). Time constant 8C1, 8R1 and 8R2 deter- 
mine the length of time the multivibrator is cut off. 
The transistor must return to the stable conducting 
state just after the seventh pulse. 


The operation of the -5 multivibrator is similar to 
that of the +7 multivibrator. However, the conduct- 
ing time of the transistors is not entirely dependent 
on the time constant of 8C17, 8R12 and 8R13, Varia- 
tions in component values and transistor characteristics 
cause slight variations in timing. Since one of the con- 
duction times of the multivibrator is the 3.5H pulse, 
precise timing is essential for both on and off transi- 
tions. This is accomplished by using the triggers not 
only to start but also to stop the timing cycle. 


The positive and negative trigger pulses required to 
start and stop the --5 counter are generated by the 


bidirectional trigger 8Q3 in conjunction with the 
diodes 8CR9 and 8CR10. Transistor 8Q3 is a bilateral 
transistor, that is, either electrode may be used as the 
emitter or collector. As shown in figure SPA-24, the 
collector is DC-connected through 8CR10 to the junc- 
tion of 8R18 and 8R54 in the collector circuit of 8Q5, 
In the stable state of the multivibrator, when 8Q5 is 
conducting, the voltage at the junction of 8R18 and 
8R54 is almost —9 volts, and 8Q3 does not conduct 
since the emitter and collector of the 8Q3 transistor 
are at the same potential. However, a positive spike 
resulting from the differentiation of the -:7 pulse is 
passed by 8CR9 through 8C17 to the base of 8Q4. The 
positive spike cuts off 8Q4 and 8Q5, and the voltage 
at 8R18 and 8R54 rises to 0 volts. In this condition 
8CR9 is reverse-biased and does not pass the positive 
spikes. Now, however, the collector-to-emitter voltage 
of 8Q3 is sufficient to provide amplification of the 
positive spikes fed to its base. The resulting negative 
trigger pulses at the collector of 8Q3 are passed 
through 8CR10 and 8C17 to the base of 8Q4. On the 
fifth count, 8Q4 and 8Q5 are driven into conduction, 
and the cycle repeats. 
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A. Top: Base of 8Q1 at 50 micro- B. Top: Collector of 8Q1 at 50 micro- C. Top: Base of 8Q2 at 50 micro- 
seconds/cm; 5v/division. seconds/cm; 10v/division. seconds/cm; 10v/division. 
Bottom: Gated 31.5 KC Bottom: Gated 31.5 KC. Bottom: Gated 31.5 KC. 


a ee | | NN re) 
VAL L ta elt 
WECEUGU REE 
D. Top: Collector of 8Q2 at 50 imcro- E. Top: Base of 8Q3 at 50 micro- F. Top: Collector of 8Q3 at 200 micro- 
seconds/cm; 5v/division. seconds/cm; 5v/division. seconds/cm; 5v/division. 
Bottom: Gated 31.5 KC. Bottom: Gated 31.5 KC. Bottom: Gated 31.5 KC. 


G. Top: Anode of 8CRI0 at 200 micro- H. Top: Base of 8Q4 at 200 micro- 1. Top: Collector of 8Q4 at 200 micro- 
seconds/cm; 5v/division. seconds/cm; 5v/division. seconds/cm; 10v/division. 
Bottom: —7 (8Q2-C). Bottom: —7 (8Q2-C). Bottom: —7 (8Q2-C). 


J. Top: Base of 8Q5 at 200 micro- 
= seconds/cm; 10v/division. 
Bottom: —7 (8Q2-C). Bottom: —7 (8Q2-C). 


K. Top: Collector of 8Q5 at 200 micro- 
seconds/cm; 10v/division. 


VERTICAL ADVANCE MODULE 
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As shown in figure SPA-25, the final two counters, 
+5MV and +3MYV are identical in operation to the 
+7MV. Each multivibrator conducts in the stable 
state; each is cut off by the positive spike resulting 
from the differentiating of the trailing edge of the pre- 
ceding pulse output. The trailing edge of the <3 
counter pulse is used as an emergency trigger for the 
vertical blanking generator multivibrator in the Sync 
Logic Module. 


Coincidence Gate 

The coincidence gate consists of the diodes 8CR3, 
8CR4, 8CR5. The cathode of each diode is connected 
to —9v through resistor 8R37. The anode of each 
diode is connected to the collector of the output tran- 
sistor of each of the last three counter multivibrators, 
+5MV, +5MV and +3MV. When any one of these 
multivibrators is in the non-conducting (counting) 
state, its collector is at 0 volts, and the corresponding 
diode connected to its collector conducts, holding the 
base of the 3.5H amplifier 8Q10 close to 0 volts, caus- 
ing the amplifier to conduct. However, if none of these 
multivibrators is counting, a condition which occurs 
259H from the start of the counter cycle, none of the 


A. Top: Anode of 8CRI at 200 micro- 
seconds/cm; 10v/division. 
Bottom: —7 (8Q2-C). 
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D. Top: Collector of 8Q6 at 1000 micro- 
seconds/cm; 10v/division. 
Bottom: —5 (8Q4-C). 


VERTICAL ADVANCE MODULE 


B. Top: Cathode of 8CRI at 1000 
microseconds/cm: 10v/division 
Bottom: —5 (8Q4-C), 


E. Top: Base of 8Q7 at 1000 micro- 
seconds/cm; 10v/division. 
Bottom: —5 (8Q4-C). 


diodes conducts. The base of 8Q10 then drops to —9 
volts and the transistor is cut off. The emitter of 8Q10 
is normally at 0 volts when the transistor is conduct- 
ing, providing the holding voltage for the anode of 
8CR6 of the trigger gating circuits. During the 3.5H 
period of coincidence, this voltage drops to —9 volts. 


Stability Test 

The stability test circuit shown in figure SPA-25 
provides a temporary variation in the power supply 
voltage to ensure that the counters have been set 
approximately in the middle of the range in which 
they provide the proper count. If one or more of the 
counters has been set too near the edge of its range, 
it will miscount when the STABILITY TEST button 
is pressed and the potentiometer is varied. Refer to the 
Maintenance section for the procedure to readjust the 
range of each counter when necessary. 


As shown in the overall schematic diagram figure 
SPA-48, one more circuit—a regulator—appears in 
this module. This regulator isolates the large current 
surges on the Vertical Advance Module from the re- 
mainder of the Signal Processing Amplifier. Transistor 
8Q14 also provides a low-impedance power source for 
the Vertical Advance Module. 


seconds/cm; 5v/division. 
Bottom: —5 (8Q4-C). 
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seconds/cm; 10v/division. 
Bottom: —5 (8Q4-C), 


C. Top: Base of 8Q6 at 1000 micro- 


F. Top: Collector of 8Q7 at 1000 micro- 
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Figure SPA-25. Simplified Schematic of Counter Stages Second +5 
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, +3, and Coincidence Detector 


G. Top: Anode of 8CR2 at 1000 micro- 


seconds/cm; 10v/division. 
Bottom: —5 (8Q4-C), 


J. Top: Collector of 8Q8 at 
5000 microseconds/ecm: 
20v/division. 

Bottom: ——5 (8Q7-B). 


M. Top: Base of 8Q10 at 5000 micro- 
seconds/em; 5v/division. 
Bottom: —3 (8Q9-C). 


H. Top: Cathode of 8CR2 at 
5000 microseconds/cm; 
5v /division. 

Bottom: —5 (8Q7-B). 


K. Top: Base of 8Q9 at 5000 micro- 


seconds/cm;: 20v/division. 
Bottom: —5 (8Q7-B). 


N. Top: Base of 8Q10 at 500 micro- 
seconds/cem; 10v/division. 
Bottom: —3 (8Q9-C). 


1. Top: Base of 8Q8 at 5000 micro- 
seconds/cm; 5v/division. 
Bottom: —5 (8Q7-B). 


L. Top: Collector of 8Q9 at 
5000 microseconds/em; 
10v/division. 

Bottom: —5 (8Q7-B). 


O. Emitter of 8Q10 at 100 micro- 
seconds/cm; 2v/division. 
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c. SYNC LOGIC MODULE. 
(Refer to Block Diagram Figure SPA-26.) 
The Sync Logic Module provides signals for the 
operation of the other modules as well as signals for 
the recording system. When triggered by the leading 
edge of the 3.5H pulse generated in the Vertical 
Advance Module, the Sync Logic Module regenerates 
the vertical blanking and reinserts the vertical sync 
interval. This module also provides horizontal drive 
for use in the system, start pulse for use in the Vertical 
Advance Module, gated horizontal sync for the Input 
and Blanking and Color Modules, regenerated sync, 
and regenerated horizontal and vertical blanking for 

the Input and Blanking Module. 


Vertical Blanking Generator 

As shown in figure SPA-27, the vertical blanking 
multivibrator, 9Q1 and 9Q2, is a monostable multi- 
vibrator with 9Q1 ON and 9Q2 OFF in the stable 
state. The multivibrator changes state by applying a 
positive trigger pulse to the base of 9Q1 through the 
isolation diode 9CR1. The normal trigger pulse for 


* See Basic Circuit Descriptions on p, SPA-48. 


the vertical blanking multivibrator is the leading edge 
of the 3.5H pulse. Transistor 9Q1 remains OFF and 
9Q2 ON for the length of time determined by the 
charging time of the capacitor 9C1 through resistors 
9OR1 and 9R2. The vertical blanking pulse width at 
the collector of 9Q2 is set to 21H by adjustment of 
9R1, the VERTICAL BLANKING WIDTH control. 


The output of 9Q2 is coupled to the blanking mixer 
9Q11 through the isolation diode 9CR13 and to the 
9H generator through 9C3. The 9H generator 9Q3 
is a pulse-narrowing* circuit, The 9H pulse output 
from the collector of 9Q3 is coupled through the isola- 
tion diode 9CR4 and combined with the 3.5H pulse 
input signal. The combined pulses are then passed 
through network 9R16 and 9C18 to the horizontal 
sync gate 9Q6 and through network 9R15 and 9C17 
to the base of the 9H amplifier, 9Q4. An output to 
the vertical interval gate 9Q5 is taken from the emitter 
of 9Q4, the 9H amplifier. 


Emergency Trigger 
The normal trigger pulse for the vertical blanking 
multivibrator is the leading edge of the 3.5H pulse 
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VERTICAL ADVANCE MODULE 
Figure SPA-26. Block Diagram of Sync Logic Module 
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Figure SPA-27. Simplified Schematic of Vertical Blanking Generator Circuits 


which is coupled to the base of 9Q1 through 9CR1 
from the collector of the 9H amplifier 9Q4. The emer- 
gency trigger pulse is a positive going signal taken 
from the +3 multivibrator in the Vertical Advance 
Module and appearing simultaneously with the nega- 
tive going edge (trailing edge) of the 3.5H pulse at 
the base of 9Q1. During normal! conditions of opera- 
tion, this pulse has no effect on the vertical blanking 
multivibrator which has already been triggered by the 
leading edge of the 3.5H pulse and which remains in 
that state for 21H. However, under unusual operating 
conditions due to a non-synchronous switch or a bad 
splice in the tape, the vertical sync period of the 
separated sync signal may arrive at a much later time. 
As explained in the description of the Vertical Ad- 
vance Module, the leading edge of the 3.5H pulse is 
generated exactly 259H after the previous pulse even 
though the vertical sync has been delayed. The trailing 


edge of the 3.5H pulse is coincident with the second 
vertical sync pulse but since the second vertical sync 
pulse is delayed, the trailing edge of 3.5H will be 
delayed. Therefore, the 3.5H pulse will be much longer 
than 3.5H. This lengthened 3.5H pulse holds the 
vertical interval gate open, allowing separated sync to 
pass. When the vertical sync does arrive, a start pulse 
is generated at the leading edge of the second vertical 
sync pulse, resulting in the termination of the length- 
ened 3.5H pulse. This trailing edge of the lengthened 
pulse is negative going and does not trigger the verti- 
cal blanking multivibrator which has returned to its 
stable state 21H after the leading edge of the 3.5H 
pulse. 


If there were no emergency trigger, the vertical 
interval gate would close, cutting off the remainder of 
the vertical interval. However, the positive going 
emergency trigger coincident with the trailing edge of 


C. Cathode of 9CR2 at 5000 micro- 
seconds/cm; 5v/division. 


B. Anode of 9CR2 at 5000 micro- 
seconds/cm: 5v/division. 


A. Emerg. Trigger 939-18 at 5000 micro- 
seconds/cm; 5v/division. 


F. Base of 9Q3 at 5000 micro- 
seconds/cm; 5v/division. 


E. Collector of 9Q2 at 5000 micro- 
seconds/cm; 5v/division. 


D. Base of 9Q1 at 5000 micro- 
seconds/cm; 5v/division. 


G. Collector of 9Q3 at 2000 micro- 
seconds/cm; 2v/division. 


H. Test Point 9H, 9TP1 at 100 micro- 1. Top: 3.5H IN 9439-1 at 100 micro- 
seconds/cm; 2v/division. seconds/cm; 5v/division. 
Bottom: 9H. 


L. Top: Emitter of 9Q4 at 100 micro- 
seconds/cm; 2v/division. 
Bottom: 9H. 


J. Top: Base of 9Q4 at 100 micro- 
seconds/cm; 2v/division. 
Bottom: 9H. 


K. Top: Collector of 9Q4 at 100 micro- 
seconds/cm; 2v/division. 
Bottom: 9H. 
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the lengthened 3.5H pulse, does trigger the vertical 
blanking multivibrator which in turn triggers the 9H 
generator. The 9H pulse holds the vertical interval 
gate open for the remainder of the vertical interval, 
minimizing the “roll” in the picture. 
Sync Reassembly 

In the reassembly of sync, as shown in the figure 
SPA-28, the 9H pulse from the vertical generator and 
the 3.5H pulse from the Vertical Advance Module 
are applied to the base of the vertical interval gate 
9Q5 and the horizontal sync gate 9Q6. Normally, 
transistor 9Q5 is biased to saturation, shorting out the 
separated sync pulses which appear at its collector 
while transistor 9Q6 is biased to cut off so that the 
regenerated horizontal sync pulses appearing at its 
collector are applied to the base of the gated horizontal 
amplifier 9Q7 and to the base of the regenerated 
sync amplifier 9Q8 through the isolation diode 9CR8. 


During the vertical interval, the 9H pulse applied to 
the base of 9Q5 drives it to cutoff, which permits the 
separated sync pulses to pass through the isolation 
diode 9CR7 to the base of 9Q8. Applied to the base of 
9Q6, the 9H pulse drives 9Q6 to saturation and shorts 
out the regenerated horizontal sync pulses. The gated 
horizontal sync pulses are amplified by 9Q7 and the 
gated horizontal output is taken from its collector. 
During the vertical sync interval the pulses at the base 
of 9Q8 are separated sync and during the rest of the 
period, regenerated horizontal sync pulses. These 
pulses are amplified by transistor 9Q8 to provide re- 
generated sync for the Output Module and for the 
integrator driver 9Q9. The diode 9CR9 together with 
9R20, 9R21 and 9C7 prevents the transistor 9Q8 from 
being driven into saturation. Diode 9CRi0 provides a 
bias which insures that 9Q8 will be cut off in the 
absence of a pulse input. 
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Figure SPA-28. Simplified Schematic of Sync Reassembly Circuits 
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A. Top: Base of 9Q5 at 100 micro- B. Top: Base of 9Q6 at 100 micro- C. Top: SEP SYNC IN, 949-3 at 


seconds/cm; 2v/division. seconds/cm; 2v/division. 50 microseconds/cm; 
Bottom: 9H. Bottom: 9H. 5v/division. 


Bottom: 9H. 


fe) =O 
a, 
D. Top: Collector of 9Q5 at 100 micro- E. Top: HORIZ. SYNC IN 949-7 at F. Top: Collector of 9Q6 at 100 micro- 
seconds/cm; 2v/division. 50 microseconds/cm; seconds/cm; 2v/division. 
Bottom: 9H. 5v/division. Bottom: 9H. 


Bottom: 9H. 


G. Top: Collector of 9Q7 at 100 micro- H. Top: Base of 9Q8 at 100 micro- |, Top: Collector of 9Q8 af i micro- 
seconds/cm: 2v/division. seconds/cm; 2v/division. seconds/cm; 10v/division. 
Bottom: 9H. Bottom: 9H. Bottom: 9H. 
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Start Pulse 

The regenerated sync fed to the base of the integra- 
tor driver 9Q9 is amplified and passed through the 
integrating network 9R30 and 9C10. The time con- 
stant of this network is such that the output is mainly 
from the wide vertical sync pulses. The residual spikes 
from the horizontal and equalizing pulses are removed 
by diodes 9CR11 and 9CR1i2, As shown in figure 
SPA-29, the start pulse clipper 9Q10 amplifies the 
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DRIVER 


START 
PULSE 
CLIPPER 


vertical pulse and clips it at a low level. A differen- 
tiating network consisting of capacitor 9C16 and the 
load in the Vertical Advance Module (8C19 and 
8R39) provides a start pulse of short duration which 
begins to rise after the leading edge of the first sync 
pulse and returns to zero before the leading edge of 
the third vertical sync pulse. This pulse selects the one 
31.5 ke pulse coincident with the leading edge of the 
second vertical syric pulse to trigger the counters. 


9CI6é 


¢ Sie START PULSE OUT 


(TO VERT. ADV. } 
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Figure SPA-29. Simplified Schematic of Start Pulse Circuits 


A. Top: Emitter of 9Q9 at 100 micro- 
seconds/cm; 10v/division. 


Bottom: 9H. Bottom: 9H. 


D. Top: Collector of 9Q10 at 100 micro- 
seconds/cm; 5v/division. 
Bottom: 9H. 
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B. Top: Collector of 9Q9 at 100 micro- 
seconds/cm; 5v/division. 


C. Top: Base of 9Q10 at.100 micro- 
seconds/cm; 5v/division. 
Bottom: 9H, 


E. Top: Start Pulse Ou? 99-9 at 
100 microseconds/cm; 
5v/division. 

Bottom: 9H. 
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Figure SPA-30. Simplified Schematic Blanking and Horizontal Drive Circuits 


Two additional outputs are provided by this module, 
the blanking output and the horizontal drive output. 
As shown in the simplified schematic figure SPA-30, 
the 15.75 kc square wave input from the Horizontal 
AFC Module is coupled through the isolation diode 
9CR14 to the blanking mixer 9Q11 and the horizontal 
drive generator 9Q12. Both of these circuits are the 
pulse narrowing* type. The time constant 9C12 and 
9R38 has been set to generate a horizontal drive pulse 
of six microseconds duration. The drive pulse is direct- 
coupled from the collector of 9Q12 to the base of the 
horizontal drive output transistor 9Q13. The ampli- 
tude of this output pulse at the emitter of 9Q13 is 
—4 volts. 


The time constant of 9C11, 9R33 and 9R34 in the 
base circuit of the blanking mixer transistor 9Q11 is 
adjustable and is set to provide horizontal blanking 
pulses of approximately nine microsecond-duration by 
the H. BLKG WIDTH control. The vertical blanking 
pulse from the multivibrator, 9Q1, 9Q2, is coupled 
directly to the base of 9Q11 through the isolation 
diode 9CR13. During the 21H vertical blanking 
period, 9Q11 is cut off, thereby generating the vertical 
blanking pulse and preventing the generation of hori- 
zontal blanking pulses. The output from the collector 
of 9Q11 is a composite horizontal and vertical blank- 


ing signal. 


* See Basic Circuit Descriptions on p. SPA-48. 


A. Top: 15.75 KC IN 939-5 at 200 
microseconds/cm; 1v/division. 
Bottom: 21H (9Q2-C). 


D. Top: Base of 9Q12 at 20 micro- 
seconds/cm; 5v/division. 
Bottom: 15.75 KC IN. 


B. Top: Base of 9Q11 at 200 micro- 
seconds/cm; 5v/division. 
Bottom: 21H (9Q2-C). 


E. Collector of 9Q12 at 20 micro- 
seconds/cm: 2v/division. 


ed 
ree et 


G. Emitter of 9Q13 at 20 micro- 
seconds/cm; 2v/division. 


C. Top: Collector of 9Q11 at 
200 microseconds; 5v/division. 
Bottom: 21H (9Q2-C). 


F. Collector of 9Q13 at 20 micro- 
seconds/cm; 2v/division. 
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5. Color Module 
(Refer to Block Diagram Figure SPA-31.) 


As explained in the paragraphs Overall and Input 
and Blanking Module under Circuit Description, the 
COLOR/MONDO relay K1 is normally energized when 
the processing amplifier is operating in a color system. 
Refer to the diagram showing the signal path for a 
color system, figure SPA-8. 


While the luminance signal from the low pass filter 
returns to the Input and Blanking Module, the high- 


pass filter effectively separates out the chroma portion 
of the signal, which then passes through the amplifiers 
5Q1, 5Q2 and 5Q3 in cascade as shown in figure 
SPA-32. The collector of circuits 5Q2 and 5Q3 are 
clamped to ground through the bridge connected 
diodes 5Z1 and 5Z2 during the blanking interval, 
thereby removing burst and other disturbances. The 
diodes 5Z1 and 5Z2 are driven by clamp drivers, 5Q4 
and 5Q5, which amplify the input blanking signal. 
New burst is then added to the chroma signal and the 
combined signals are fed to the Output Module. 
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Figure SPA-31. Block Diagram of Color Module 
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Figure SPA-32. Simplified Schematic of Removal of Old Burst and Addition of New Burst 


A. Color In 5J5-2 at 10 micro- 
seconds/cm; .2v/division. 


C. Collector of 5Q2 at 10 micro- 
seconds/cm; 2v/division. 


E. Base of 5Q4 and 5Q5 at 10 micro- 
seconds/cm:; 2v/division. 


G. Emitter of 5Q4 at 10 micro- 
seconds/cm; 5v/division. 


B. Collector of 5Q1 at 10 micro- 
seconds/cm; .2v/division. 


D. Collector of 5Q3 at 10 micro- 
seconds/cm; 1v/division. 


F. Collector of 5Q4 at 10 micro- 
seconds/cm; 5v/division. 


H. Burst and Chroma Out 5J5-13 at 
10 microseconds/cm; .05v/division. 


-18 
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Phase Shift Networks 

Two subcarrier phase shift circuits are provided, one 
for the RECORD mode of operation, one for PLAY- 
BACK. Refer to figure SPA-33. Two phase shifts are 
necessary to compensate for differences in system 
delays between the two modes. The relay 5K1 auto- 
matically selects che required phase-shift circuitry. The 
subcarrier signal is amplified by the RC-coupled ampli- 
fiers 5Q6, 5Q7 and fed through the transformer 5T1 
to the phase-shifting network. To permit a coarse 
adjustment of the subcarrier phase, taps on the network 
and the transformer are connected to a five-position 
switch, RECORD PHASE, 5S1. This switch is adjusted 
during recording operation but the phase shift selected 
remains in the circuit during both playback and record- 
ing. The signal is then fed through an.emitter fol- 
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lower, isolation stage 5Q8 (playback phase isolator) 
to a set of contacts of the burst phase relay 5K1. When 
this relay is energized (RECORD and SETUP system 
operation only) a fixed phase-shift network is inserted 
between the playback phase isolator 5Q8 and the 
record phase isolator 5Q9. When the relay is deener- 
gized, a variable phase network which is controlled 
by the PLAYBACK PHASE potentiometer 5R45, is 
inserted in the circuit. The output of 5Q9 is then fed 
through the fine control RECORD PHASE 5R50 and 
an amplifier, 5Q10, to a clipper circuit. This clipper 
circuit, which consists of transistor 5Q11 and three 
diodes 5CR1i, 5CR2, 5CR3, drives the subcarrier out- 
put stage. To form the burst signal, burst gate 5Q13 
shorts the signal except when a pulse from the burst- 


flag channel is present. 
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Figure SPA-33. Simplified Schematic of Record and Playback Phase Control Circuits 


A. 3.58 IN 535-24 at 10 micro- B. Emitter at 5Q6 at 10 micro- C. Collector of 5Q7 at 10 micro- 


SPA-43 


secands/cm; 1v/division. seconds/cm: 1v/division. seconds/cm; 2v/division. 


: Base of 5Q8 at 10 micro- E. Emitter of 5Q8 at 10 micro- F. Base of 5Q9 at 10 micro- 
seconds/cm; .5v/division. seconds/cm; .5v/division. seconds/cm; .5v/division. 


G. Emitter of 5Q9 at 10 micro- 
seconds/cm; .5v/division. 


H. Emitter of 5Q10 at 10 micro- 
seconds/cm; .5v/division. 
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Burst Flag 

As shown in figure SPA-35, the input to the burst 
flag channel is gated horizontal sync from the Sync 
Logic Module. This signal is fed to a burst flag genera- 
tor which produces negative pulses timed to occur only 
during the desired burst interval. This pulse, whose 
width is determined by 5R75, the BURST WIDTH 
potentiometer, is fed through the driver stage 5Q16 
to the burst gate 5Q13. In the intervals between the 
pulses the gate conducts and effectively shorts the sub- 
carrier. However, when the pulse is present, the gate 
is cut off until the desired number of cycles, deter- 
mined by 5R75, enter the burst output stage. The 
burst output, whose amplitude is controlled by BURST 
GAIN control 5R64, is fed to the output jack of the 
Color Module where it is added to the chroma signal. 
The color signal then goes to the Output Module to 
be added to the luminance signal as explained in the 
description of the Output Module. 


Relays 


For the function of the three relays, K1 on the 
frame and 5K1 and 5K2 on the Color Module, refer 
to the simplified relay schematic figure SPA-34. All 
three of these relays are controlled by 24 volts d.c. 
supplied from the system. Relay 5K1 (RECORD/ 
PLAY) is energized when the recorder is in RECORD, 
SETUP, or STANDBY operation. Relay K1 
(COLOR/MONO relay) which is located on the 
frame of the processing amplifier is energized when 
DEMOD switch S2 is in the COLOR position, BURST 
OSC switch S1 is in the OPERATE position and the 
Tape Recorder is in RECORD, PLAY, SETUP or 
STANDBY mode, Relay 5K2 (BURST ADD relay) 
is energized when all the conditions for energizing 
K1 are met and in addition, the CHROMA PROC- 
ESSOR relay K2 is energized by the presence of burst 
on the signal. 
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Figure SPA-34. Simplified Relay Schematic 
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Figure SPA-35. Simplified Schematic of Burst Shaping and Gating Circuits 
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A. Collector of 5Q11 at 10 micro- 
seconds/cm; .5v/division. 


B. Emitter of 5Q12 at 10 micro- 
seconds/cm; .5v/division. 


C. Collector of 5Q14 at 10 micro- 
seconds/cm; .5v/division. 


D. Base of 5Q15 at 10 micro- 
seconds/cm; 2v/division. 


E. Collector of 5Q15 at 10 micro- 


F. Collector of 5Q16 at 10 micro- 
seconds/cm; 2v/division. 


seconds/cm; 1v/division. 


G. Collector of 5Q13 at 10 micro- 
seconds/cm; 1v/division. 
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Power 1 and Power 2 Modules 
(Refer to Block Diagram Figure SPA-36.) 


Two modules contain the power supply components, 
and provide regulated d-c outputs at —9 volts and 
— 22 volts and an unregulated d-c output at — 17 volts. 
Power 1 Module contains the power transformer, 
voltage doubler, filter and regulator circuits. Power 2 
Module contains the two series regulators which are 
used in the —9 volt and —22 volt regulating circuits. 
The d-c outputs at —9 volts, —17 volts (unregulated) 
and — 22 volts appear on terminals 11J11-2, 11J11-16 
and 11J11-11 respectively on Power 1 Module. 


On Power 1 Module, 117 volts 60 cycles AC is 
connected through terminals 15 and 19 through the 
fuse 11F1 to the primary of the stepdown transformer 
11T1, Voltage from the secondary winding of 11T1 
is applied to the voltage doubler which supplies d.c. 
to the two regulator circuits through the fuses 11F2 
(—22 volt source) and 11F3 (—9 volt and —17 
volt source) as shown in the block diagram. 


From the fuse 11F2, d.c. passes through the series 
regulator 12Q2 to the —22 volt output terminal 
11J11-11. From the fuse 11F3, d.c. is fed through the 
series regulator 12Q1 to the —9 volt output terminal 
11J11-2. The output voltage is read directly on the 
scale of the voltmeter 11M1 which is normally con- 


nected across the —22 volt output through the switch 
11S1. When the READ —9 volt switch is depressed, 
the meter is then connected across the —9 volt output. 
The —9 volt and —22 volt outputs of the power 
supply are controlled by the setting of the —22V 
ADJ control 11R12. 


Regulator Circuit 

For a clearer understanding of the function of the 
—22 volt series regulator circuit, refer to the simpli- 
fied diagram figure SPA-37 and read the following 
analysis carefully. The current source 11Q2 provides 
for a constant (total) current flow of approximately 
3 ma. from two branches of the circuit (D and E) in 
the direction shown by the arrows. Thus, characteristi- 
cally, an increase in current flow in one branch results 
in a proportionate decrease in current flow in the other 
branch and vice versa. The amount of current flowing 
in these two branches depends upon the relationship 
between the reference voltage provided by the Zener 
diode 11CR4 and the voltage at the arm of the —22V 
ADJ potentiometer 11R12. 


With reference to the diagram figure SPA-37, the 
operation is as follows: Assume that the voltage ap- 
pearing at point A increases as the result of either a 
decrease in the load R,, or an increase in the unregu- 
tated voltage at G. Then since 11R12 is across the load, 
a voltage increase also occurs at poiht B. This increase 
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Figure SPA-36. Block Diagram of Power ] and Power 2 Modules 
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Figure SPA-37. Diagram Showing Regulator Current Flow 


produces increases in current flow in both C and D 
and a decrease in current flow in E. The reduced cur- 
rent flow in E, in turn, results in a decrease in current 
flow in F, which reduces the output voltage at A as 
required. Conversely, if the voltage at A is reduced by 
a change in load or by variations in the unregulated 
supply voltage, the reference voltage at B decreases, 
lowering the current in C and D which produces an 
increase in the currents E and F, resulting in an 
increase in the voltage output A. 


The operation of the —9 volt regulator circuit is 
similar. The resistor 11R16 in conjunction with the 
d-c amplifier 11Q4, develops the Zener-like reference 
voltage which is compared to the voltage appearing at 
the junction of series resistors 11R21 and 11R22 con- 
nected across the —9 volt output. The current source 
in the —9 volt regulator is provided by the resistor 
11R18. Since 11R15 and 11R16 are fed by the regu- 
lated —22 volt supply, voltage output at the —9 volt 
terminal is directly proportional to that appearing at 
the —22 volt terminal. Thus when the —22V ADJ 
control is adjusted for —22 volts, the —9 volts output 
is automatically obtained at 11J11-2. 


The unregulated —17 volt output is fed through 
terminal 11J11-16 to a separate regulator circuit 8Q14 
in the Vertical Advance Module. 


Basic Circuit Descriptions 

The three basic types of transistor configurations, 
common emitter, common base and common collector 
(emitter follower) are used in all the modules, These 
circuits are in many cases analogues to vacuum tube 
circuitry. However, some circuits, depending on the 
fact that both PNP and NPN transistors are avail- 
able, have no direct analogy to vacuum tube circuits. 
In an effort to clarify both these special circuits and 
to show the relationship between vacuum tube circuits 
and transistor circuits, several basic circuit descriptions 
are given in the following paragraphs: 


1. Mulfivibrators 


a. An Astable Multivibrator is a two-stage oscillator 
in which one stage conducts while the other is cut off 
until a point is reached at which the stages reverse 
their condition; that is, the stage which has been con- 
ducting cuts off, and the stage that has been cutoff, 
conducts. This type of oscillator is normally used to 
produce a square wave. The emitter-coupled transistor 
multivibrator is analogous to the cathode-coupled elec- 
tron tube multivibrator circuit; or a collector-coupled 
transistor multivibrator is analogous to the plate 
coupled tube type. The time constants of the capacitors 
and resistors in the circuit determine the frequency. 
This type of multivibrator is used in the Horizontal 
AFC Module, 6Q1 and 6Q2. 
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b. A Mozostable Multivibrator, basically, is a multi- 
vibrator having one stable and one unstable condition. 
A trigger drives the unit into the unstable state where 
it remains for a period of time determined by a time 
constant. The operating point then moves back to the 
original stable region. As in a vacuum tube circuit, 
one transistor may be conducting while the other is 
cutoff, 


In the Signal Processing Amplifier, another com- 
bination has been used. Using an NPN and a PNP 
(complementary-symmetry), both transistors may be 
OFF in the relaxed or stable state or both may be ON. 
The trigger then drives both transistors to the ON 
state, or OFF state, whichever the case may be, and 
then they return to the relaxed or stable state at the 
end of the timing cycle. This is the type of multi- 
vibrator used for the counting multivibrators in the 
Vertical Advance and Horizontal AFC Modules. 


2. Pulse Narrowing Circuits 
(Refer to Figure SPA-38.) 


At several points in the processing amplifier circuits, 
the generator used narrows the input pulse to obtain 
the desired output pulse. These circuits are used to 
produce horizontal sync, horizontal drive, horizontal 
blanking, burst flag and the 9H pulse. The transistor 
circuit used for this purpose is analogous to the more 
familiar vacuum tube circuit which is sometimes called 
a “boxcar”. 
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In the vacuum tube version, the grid of the tube is 
connected through a resistance R1 to the plate supply 
and the cathode is grounded. With no signal at the 
grid coupling capacitor C, the grid-cathode diode draws 
current through Ri, reducing the grid to approxi- 
mately zero potential. The plate of the saturated tube 
draws current through R2, reducing the potential at 
the plate to some low voltage. Application of a nega- 
tive pulse at C cuts the tube off and stops the flow of 
grid current through R1, The grid-resistor current 
then flows into the capacitor, recharging it to its 
original potential with no signal. Therefore, the wave- 
form at the grid is an R/C exponential one, charging 
toward +100 volts. As soon as this charging exceeds 
zero volts, the grid becomes positive and again draws 
current, thereby stopping the waveform at zero. At 
the plate, a pulse of opposite polarity is produced that 
is narrower than the input pulse. The actual width of 
the pulse in the output circuit depends on the value of 
R and C in the input circuit. 


As shown in the diagram, the action of the NPN 
transistor circuit is similar, except that the output pulse 
amplitude is equal to the power supply voltage, due 
to the excellent saturating characteristics of the tran- 
sistor, and the trailing edge of the pulse is sharper. 
A transistor type PNP may be used as successfully as 
the NPN type shown, but with opposite input and 
output pulse polarities. 
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Figure SPA-38. Vacuum Tube and NPN Transistor Pulse Narrowing Circuits 


SETUP FOR 


Initial Setting of Controls 

A procedure for checking the entire system before 
operation is provided in the System Operation Manual, 
For the initial adjustments to be made on the proc- 
essing amplifier proceed as follows: 


For a Monochrome system, the adjustments are as 
follows: 


1. Adjust the VID LEVEL control to obtain 0.7 
volts blanking to peak white on the oscilloscope. (100 
IRE units.) 


2. Adjust the PEDESTAL control for 5% pedestal 
indication on the oscilloscope. (5 IRE units.) 


3, Adjust the SYNC LEVEL control for 0.3 volts 
peak-to-peak sync. (40 IRE units.) 
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OPERATION 


For Color system, add the following adjustments: 
1. Adjust CHROMA gain for normal chroma level. 


(Compare color bar amplitude on input and output 
of the Tape Recorder. } 


2. Adjust the BURST amplitude control for .3 volts 
peak-to-peak burst. (40 IRE units. ) 


3. Adjust the RECORD PHASE coarse and fine 
controls for proper hues in a color picture observed 
on a monitor. 


4. Without disturbing the settings as made in step 
3, play back a test tape and adjust the PBLK PHASE 
control for the proper hues. 


PANEL OPERATING CONTROLS 


Module Panel Designation 


VID LEVEL 
PEDESTAL 


Input and Blanking 


Adjusts video output 
Adjusts proper set-up 


Output SYNC LEVEL 


CHROMA 5R6 
BURST 5R64 
RECORD PHASE 


PBLK PHASE SR45 


Adjusts proper sync amplitude 


5S1, 5R50 


Adjusts chroma gain 

Adjusts burst amplitude 

Adjusts burst phase in the RECORD mode; coarse and 
fine adjustments. 


Adjusts burst phase in PLAYBACK mode of system 
operation. 


MAINTENANCE 


The RCA Signal Processing Amplifier routine main- 
tenance requires only the adjustment of a few front 
panel controls. Transistor circuits for all modules make 
the individual servicing of each module physically 
easy.'When the rotary latch is released, each module 
may be removed for bench inspection if necessary. All 
parts and transistors are mounted flat against the main 
body or chassis of the module. However, the test 
points along the front panel of each module provide 
for routine testing without removal of the module. If 
additional tests with the circuits in operation seem 
advisable, the Extender has been supplied for mounting 
the module to be checked in operating condition but 
extending beyond the frame of the amplifier. All com- 
ponents are then easily accessible for oscilloscope or 
voltmeter probes. 


Waveforms are provided for all test points figures 
SPA-39 thru SPA-44. Check the caption for each and 
the Setup for Test Oscilloscope paragraphs for infor- 
mation as to how they were taken. The waveforms 
keyed to the simplified schematics should also prove 
useful in complete checking of each module. 


Front Panel Adjustments 
1. To Adjust Voltage 


a. On the front panel of Power 1 Module, —22V 
ADJ, 11R12, screwdriver adjustment controls the —22 
volt and —9 volt outputs. 


b. Adjust this voltage by turning the screwdriver 
control —22V ADJ until the meter, 11M1, reads —22 
volts. 
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c. Adjustment of the —22 volt output automatically 
adjusts the —9 volt output. 


d. Press the button marked READ —9V, 11S1; the 
meter reading should be —9 volts +14 volt. 


2. To Adjust Master Oscillator in 

Horizontal AFC Module 

An oscilloscope or a monitor triggered with exter- 
nal sync, such as the system Picture Monitor, may be 
used to adjust the center frequency of the master 
oscillator. 


Using Oscilloscope 
a. Observe the processing amplifier output on the 


CRO by pressing LINE OUT on CRO Monitor 


switcher. 


b. Set the CRO to the H sweep rate with EXT 
syne. 


c. Press the pushbutton 6S1 on the Horizontal AFC 
front panel. While holding the button down, adjust 
the 31.5 FREQ. SET, 6R7, until the pattern obtained 
is as nearly stationary as possible. 


Using Picture Monitor 


a. Observe the processing amplifier output on the 
Picture Monitor by pressing LINE OUT on the CRO 
Monitor Switcher. 


b. Repeat step c above. 


3. To Adjust Horizontal Blanking Width 

a. To obtain the proper horizontal blanking width, 
connect an oscilloscope to one of the OUTPUTS 1, 2, 
3 (3TP1, 3TP2, 3TP3) on the front panel of the 
Output Module. 


b. Adjust the oscilloscope to display a single hori- 
zontal blanking interval. 


c. Adjust the H. BLKG WIDTH control 9R33 on 
the front panel of the Sync Logic Module to give 11 
microseconds horizontal blanking width. 


4. To -Adjust Vertical Blanking Width 

a. To obtain the proper vertical blanking width, 
connect an oscilloscope to one of the OUTPUTS 
1, 2, 3 (3TP1, 3TP2, 3TP3) on the front panel of the 
Output Module. 


b. Using delayed sweep and triggering the oscillo- 
scope with external sync (or 3.5H) adjust the oscillo- 
scope to display the vertical blanking interval. Adjust 
the V. BLKG WIDTH control 9R1 on the front panel 
of. the Sync Logic Module to give a vertical blanking 
width of 21H (1333.5 microseconds). 


5. To Check Stability of Counter 

Multivibrators 

A control STABILITY TEST, 8R30, and a push- 
button switch, 8S1, are mounted on the front panel 
of the Vertical Advance Module. When the pushbutton 
is depressed, the STABILITY TEST control is brought 
into the module circuit. By rotating this control, all 
of the counter multivibrator circuits are checked. If 
each is operating correctly, no change takes place in 
the multivibrator operation, However, if a multi- 
vibrator is mear a condition of improper operation, 
rotation of the control causes it to go into improper 
operation. (Operation of the STABILITY TEST con- 
trol also checks operation of the ~-2 multivibrator in 
the Horizontal AFC Module. However this is an ex- 
tremely stable circuit because of the low order of 
division and does not require adjustment. Improper 
operation due to a part failure would be observed as 
an instability of the 31.5 kc master oscillator.) 


The 3.5H pulse as shown in figure SPA-43E, is 
used to detect any improper operation of the Vertical 
Advance counter. The procedure for this test is as 
follows: 


a. Place the tape recorder machine in the MOD- 
DEMOD mode of operation. 


b. Place the CRO selector switch in TEST position 
and connect an external probe to the 3.5H test point 
on the Vertical Advance Module. 


c. Set the CRO sweep speed to V and expand the 
trace to observe the 3.5H pulse. 


d. Press the button 881; while holding the button 
depressed, rotate the STABILITY TEST control 
through its entire range. The pulse should not change 
in any respect. Minor disturbances, which may be 
observed on the base line, do not indicate improper 
operation. 


e. If the pulse changes at any position of the con- 
trol, the counters in the Vertical Advance Module 
must be adjusted. Refer to the Adjustment of Counters 
for the adjustment procedures. 


Internal Adjustments 

All of the following adjustments require the re- 
moval of the module from the frame and the use of the 
Extender. 


1. Adjustment of Counters 

In the Vertical Advance Module, the counters, the 
3.5H pulse and the start pulse form a continuous loop 
which makes it difficult, when the STABILITY TEST 
pushbutton is pressed and a marginal counter is indi- 
cated, to determine which counter is at fault. The fol- 


lowing procedure provides a method for identifying 
and correcting a marginal or defective counter: 


NOTE: The adjustment of the +2 MV is a pre- 
cautionary step which may be omitted if the oper- 
ator is reasonably certain that the Horizontal AFC 
Module is functioning properly. 


a. With the Horizontal AFC Module in the 
Extender, put an oscilloscope probe (oscilloscope in 
internal trigger) at the emitter of 6Q8, which is the 
source of 31.5 kc pulses from the master oscillator to 
the +2 multivibrator 6Q9, 6Q10. Adjust the oscillo- 
scope sweep so that two 31.5 kc pulses cover 10 cm on 
the oscilloscope. Then move the probe to the =2 test 
point. One cycle of the --2MV should be 10 cm wide; 
if not a failure in the Horizontal AFC Module is indi- 
cated. This failure must be corrected before attempting 
to adjust the Vertical Advance Module. If the +2 
counter cycle shows the proper width, depress the 
STABILITY TEST pushbutton in the Vertical Ad- 
vance Module and rotate the stability test knob 
through its range. The +2 counter width should not 
change at any position of the knob. The +2 counter 
must pass this test before adjustment of the Vertical 
Advance Module counters can be undertaken. 


b. Remove the collector lead of 8Q12 from the 
terminal, see figure SPA-49, leaving the jumper and 
diode 8CR8 connections on the terminal. This opens 
the loop and allows the counters to run free. 


c. With the module in the extender, put an oscillo- 
scope probe (oscilloscope on internal trigger) on pin 1 
of the connector 8J8, the 31.5 kc input to the Verti- 
cal Advance Module. 


d. Adjust the sweep so that seven 31.5 kc pulses 
cover 10 cm on the oscilloscope. Then move the probe 
to the +7 test point. One cycle of the --7MV should 
be 10 cm (seven 31.5 ke pulses) wide. If it is not, 
adjust 8R1 until the cycle measures 10 cm. 


e. Push the STABILITY TEST pushbutton and run 
the knob through its range. The width of the +7 
cycle should not change. 


f. Change the oscilloscope sweep so that five ~-7 
pulses cover 10 cm on the oscilloscope. Move the 
probe to the first +5 test point. One cycle of the 
-+-5MV should be 10 cm (five --7 pulses) wide. When 
this is accomplished, by adjusting 8R12, run through 
the stability test again with the probe remaining on 
the first -:-5 test point. 


g. Change the oscilloscope sweep so that five ~-5 
pulses cover 10 cm on the oscilloscope. Move the probe 
to the second +5 test point. One cycle of this MV 
should be 10 cm wide (the width of five of the first 
+5 pulses). When this is accomplished, by adjusting 
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8R20, run through the stability test with the probe 
remaining on the second +5 test point. 

h. Change the sweep again so that three of the 
second --5 pulses cover 10 cm on the oscilloscope. 
Move the probe to the +3 test point. One cycle of the 
--3MV should be 10 cm wide (the width of three of 
the second --5 pulses). When this is accomplished, by 
adjusting 8R55, run through the stability test with the 
probe remaining on the ~ 3 test point. 


NOTE: With a dual trace oscilloscope, the above 
procedure is somewhat simplified since the output 
of each counter may be compared directly to the 
output of the preceding stage. It is not necessary 
to setup to an arbitrary 10 cm scale. 


i. Reconnect the collector of 8Q12 to its terminal 
and replace the module in the frame. 


j Check the stability according to the procedure in 
step 5 of Front Panel Adjustments. 


NOTES 


1. Proper counter operation is necessary but not 
sufficient to insure proper vertical advance. In 
some cases proper counting may be obtained 
with the collector of 8Q12 lifted; however, when 
the loop is closed again by reconnecting 8Q12, 
improper advance is obtained. This condition 
results from improper off-time width of one 
of the counters, usually the second +5 MV. To 
detect the offending counter, locate the leading 
edge of the 3.5H pulse (which will be much 
wider than normal). The leading edge lines up 
with the turn-off time of the offending counter. 
When the counter has been located readjust its 
timing so as to lengthen its period. A point will 
be found where the counting chain jumps sud- 
denly into proper operation. Continue to lengthen 
its period until the counterchain holds to proper 
count throughout the range of the STABILITY 
TEST control. 


2. A condition may be obtained in the Vertical 
Advance Module in which a blanking bar is 
generated on alternate fields instead of on every 
field. This results from having the +3 MV ad- 
justed to have an excessively long time constant. 
The multivibrator cannot recover in time to be 
retriggeted by the start pulse; therefore, it waits 
for one entire field before being retriggered. 
To cure this problem, simply readjust the +3 
counter adjustment to shorten the time constant, 
checking the final setting to be certain that it 
passes the STABILITY TEST. 


3. Sometimes a condition may be obtained in which 
the Horizontal AFC Module produces regener- 
ated sync at 31.5 kc instead of 15.75 kc. A com- 
mon cause of this fault is a shorted regulator 
transistor 8Q14 in the Vertical Advance Module. 
A quick check for this fault consists of measur- 
ing the —9 volt bus in the Vertical Advance 
Module, If the 8Q14 transistor is shorted, the bus 
is at an approximate potential of —17 volts. 
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2. To Remove Sync from OUT #1 

a. Switch 3S1 is mounted on the side of the Output 
Module chassis, as a precaution against being acci- 
dentally operated. 

b. To remove the sync from the OUTPUT #1, 
withdraw the module from the frame, place the switch 
in the SYNC OFF position and replace the module 
in the frame, 


3. To Adjust Burst Width 
a. Feed the Signal Processing Amplifier with a color 


signal from the TRT Tape Recorder System. 


b. Connect an oscilloscope to one of the test points 
OUTPUTS 1, 2, 3 (3TP1, 3TP2, 3TP3) on the Out- 
put Module. 


c. Adjust the oscilloscope to display a horizontal 
blanking interval. 


d. Adjust the BURST WIDTH control, 5R75, on 
the subcarrier circuit side of the Color Module to 
obtain nine cycles of subcarrier in the burst interval. 


4. To Adjust Front Porch Width 

a. Connect an oscilloscope to one of the test points, 
OUTPUTS 1, 2, 3 (3TP1, 3TP2, 3TP3) on the Out- 
put Module. 

b. Adjust the oscilloscope to display a horizontal 
blanking interval. 

c. Adjust the Front Porch Width control, 6R52, 


on the side of the Horizontal AFC Module to obtain 
a front porch width of 1.7 microseconds. 


5. To Adjust Sync Width 

a. Connect an oscilloscope to one of the test points 
OUTPUTS 1, 2, 3 (3TP1, 3TP2, 3TP3) on the Out- 
put Module. 


b. Adjust the oscilloscope to display a horizontal 
blanking interval. 


c. Adjust the Horizontal Sync Width control, 6R37, 
on the side of the Horizontal AFC Module to obtain 
a horizontal sync pulse 4.76 microseconds wide. 


6. To Adjust Sync Timing 


a. Connect input 1 of a dual trace oscilloscope to 


the incoming separated sync and connect input 2 to 


one of the outputs of the Output Module. 


b. Lock the oscilloscope externally at a horizontal 


rate. 


c. Adjust the sync timing control on the side of the 
Horizontal AFC Module so that sync on the output 


signal precedes separated sync by .5 microseconds. 


To Setup Oscilloscope for Waveforms 

All of the waveform illustrations were made with 
the Type 535 oscilloscope setup as follows: 

1. Place the Tape Recorder System in the SETUP 


position on the Control Panel, unit 305. 


2. Connect the EXT. SYNC trigger of the B trace 
of the oscilloscope to the 9H test point of the module. 


3. Use the A DELAYED BY B position to expand 
the B trace to show detail and timing. 


4. Set the A TIMING as indicated for each. 


5. The vertical input to the oscilloscope should be 
set to DC to obtain the reference voltages shown in 
the photographs. In photographs where a second 
waveform is shown for a timing reference, DC voltage 


reference does not apply to that waveform. 


Replacement of Transistors 
When a defective transistor is indicated, be sure to 
observe all of the following precautions for the re- 


moval and replacement of transistors: 


1. Remove power before removing or replacing a 


transistor. 


2. Avoid improper insertion of the replacement 


transistor. 


3. AVOID EXCESSIVE HEAT. 


4, Use a small soldering iron. Use long nose pliers 
as a heat sink on the transistor lead between the point 


being soldered and the transistor. 


5. DO NOT USE RX1 scale of the ohmmeter; 


junction could be damaged. 


6. Avoid accidental short circuits. Note that there 


is no warning of a short as in the tube circuit. 


1Q1 2N1143 
1Q2 2N1143 
1Q3 2N1301 
1Q4 2N1143 
1Q5 2N1301 


TRANSISTOR COMPLEMENT 


Function 


Input and Blanking Module 


Video Amplifier 
Emitter Follower 
Feedback Amplifier 
Feedback Amplifier 
Emitter Follower 


Symbol 


1Q6 
1Q10 
1Q11 
1Q14 


2N404 
2N1090 
2N404 
2N1090 
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Function 


Blanking Adder 
Clamp Pulse Delay 
Clamp Driver 

Clamp Pulse Amplifier 


T 
Output Module 


3Q1 2N1301 
3Q2 2N1301 
3Q3 2N1091 
3Q4 2N1091 
3Q5 2N1301 
3Q6 2N1301 


Black Clipper 
Color Adder 
Sync Output 
Sync Adder 
Driver 
Driver 


3Q7 
3Q8 
3Q9 
3Q10 
3Q11 
3Q12 


2N1301 
2N1301 
2N1301 
2N130L 
2N1301 
2N1301 


Amplifier 
Amplifier 
Amplifier 
Amplifier 
Amplifier 
Amplifier 


| 
Color Module 


5Q1 2N1301 
5Q2 2N1301 
5Q3 2N1301 
5Q4 2N1301 
5Q5 2N1301 
5Q6 2N1224 
5Q7 2N1301 
5Q8 2N1224 


Color Amplifier 
Chroma Amplifier 
Chroma Amplifier 
Clamp Driver 
Clamp Driver 
Subcarrier Amplifier 
Transformer Driver 
Isolator 


5Q9 

5Q10 
5Q11 
5Q12 
5Q13 
5Q14 
5Q15 
5Q16 


2N1224 
2N1224 
2N1224 
2N1224 
2N1090 
2N1301 
2N1090 
2N1690 


Rec. Phase Isolator 
Subcarrier Amplifier 
Clipper Driver 
Subcarrier Output 
Burst Gate 

Burst Output 

Burst Flag Generator 
Gate Driver 


Horizontal AFC Module 


31.5 Ke Master Oscillator 


AFC Amplifier 

Clamp Driver 

Clamp Pulse Generator 
Clipper 

Sawtooth Generator 
Trigger Amplifier 


6Q9 

6Q10 
6Q11 
6Q12 
6Q13 
6Q14 
6Q15 
6Q16 


2N404 
2N404 
2N404 
2N404 
2N404 
2N404 
2N1090 
2N404 


+2 Multivibrator 


Front Porch Delay Generator 
Horizontal Sync Generator 
Sawtooth Generator 


Complementary Symmetry (Boot- 


strap) 
Equalizing Pulse Gate 


+7 Multivibrator 


Bi-Directional Trigger 


+5 Multivibrator #1 


+5 Multivibrator #2 


8Q8 

8Q9 

8Q10 
8Q11 
8Q12 
8Q13 
8Q14 


2N404 

2N1090 
2N1090 
2N404 

2N1090 
2N1090 
2N1183 


+3 Multivibrator 


3.5H Amplifier 

Start Pulse Amplifier 
Gate Driver 

Trigger Gate 

Power Supply Regulator 


Vertical Blanking Multivibrator 


9-H Generator 
9-H Amplifier 
Vertical Interval Gate 
Horizontal Sync Gate 


9Q7 
9Q8 


2N1090 
2N1301 
2N1090 
2N1090 
2N404 
2N404 
2N404 


Gated Horizontal Amplifier 
Regenerated Sync Amplifier 
Integrator Driver 

Start Pulse Clipper 
Blanking Mixer 

Horizontal Drive Generator 
Horizontal Drive Output 


6Q1 2N404_ | 
6Q2 2N404 
6Q3 2N1417 
6Q4 2N1090 
6Q5 2N1090 
6Q6 2N404 
6Q7 2N404 
6Q8 2N1090 
Vertical Advance Module 
8Qi 2N404 
8Q2 2N1090 
8Q3 2N595 
8Q4 2N404 
8Q5 2N1090 
8Q6 2N404 
8Q7 2N1090 
Sync Logic Module 
9Q1 2N404 
9Q2 2N404 
9Q3 2N404 
9Q4 2N1090 
9Q5 2N1090 
9Q6 2N404 
Power Supply 1 Module 
11Q1 2N1183 
11Q2 2N332 
11Q3 2N404 | 


DC Amplifier 
Current Source 
DC Amplifier 


2N404 
2N1183 
2N404 


DC Amplifier 
DC Amplifier 
DC Amplifier 


Power Supply 2 Module 
12Q1 2N1183 


Series Regulator 


2N301 


Series Regulator 
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A. VIDEO IN, 1TP1; .5v/division. B. CLAMP PULSE, 1TP2; 5v/division. C. 3.5V VID, 1TP3; 2v/division. 


Figure SPA-39. Waveforms for Test Points on Input and Blanking Module Panel 


A. OUTPUTS #1, #2, #3, 3TPI, B. VID IN 3TP5; .5v/division. C. SYNC OUT, 3TP6; 2v/division. 
3TP2, 3TP3; .5v/division. 


Figure SPA-40. Waveforms for Test Points on Output Module Panel 


B. AFC SAW, 6TP2; 5v/division. C. AFC PUL, 6TP3; 5v/division. 


A. —2, 6TP1; 5v/division. 


Figure SPA-41. Waveforms for Test Points on Horizontal AFC Module Panel 
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A. +7, 8TP1; 2v/division at B. —5, 8TP2; 2v/division at C. —5, 8TP3; 2v/division at 
50 microseconds/cm. 200 microseconds/cm. 1000 microseconds/cm. 


D. —3, 8TP4; 2v/division at E. 3.5H, 8TP5; 5v/division at F. START PULSE, 8TP6; 1v/division, at 
2000 microseconds/cm. 100 microseconds/cm. 50 microseconds/cm. 


Figure SPA-42. Waveforms for Test Points on Vertical Advance Module Panel 


A. 9H, 9TP1; 2v/division. B. SYNC GATE, 9TP2; 2v/division. C. BL, ITP3; 5v/division. 


Figure SPA-43. Waveforms for Test Points on Syne Logic Module Panel 
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A. CHR (CHROME OUT) 5TP1; 
1v/division. 


C. VID, 5TP3; .2v/division. 


D. 3,58 IN, 5TP4; ly/division. E. BURST, 5TP5; .5v/division. F. SYNC, 5TP6; 2v/division. 


Figure SPA-44. Waveforms for Test Points on Color Module Panel 


J11,J12 
J13 

J14 to J25 
Kl 


1€1,1C2 
1€3, 1C4 


to 1C15 


to 1C22 


1Q7 to 1Q9 
1Q10 
1Q11 
1Q12,1Q13 
1Q14 


1R1 
1R2 
1R3 
1R4 
IR5 
1R6 
1R7 
1R8 
1R9 
1R10 
1R11 
1R12 
1R13 


221267 
221267 
221267 
221267 


221267 
55806 
51800 
218949 
216822 


219040 
108020 
56694 

217350 
221890 


108020 
217350 


108020 
106552 
223102 


223102 
108020 
217350 
106552 
207403 
221268 
221891 
221856 
221891 
221856 
223366 


223367. 


223366 
223367 


208656 


SPA-57 
LIST OF PARTS 


FRAME ASSEMBLY, 85] 1338-501 


8414862-54 
8414862-54 
841486 2-54 
8414862-54 


8414862-54 
727969-7 
255223-2 
470678-10 


82283-132 


82283-132 


8959154-181 
8959154-114 
8979722-8 

8959154-108 
8959154-101 
8914319-304 
8959154-114 
8959154-108 


8914319-341 


8914319-340 
8959154-114 
8959154-184 
8983966-1 

8914319-331 


8983966-1 

8959154-114 
8959154-108 
8959154-184 


8414862-4 


82283-178 
82283-179 
82283-156 
82283-166 
8971860-8 
82283-151 


82283-166 
82283-141 
82283-145 
82283-169 
82283-161 
82283-154 


Connector: 
Not Used 
Connector: 
Not Used 
Connector: 
Not Used 
Connector: 
Not Used 
Connector: female, 24 contact 

Connector: male, 8 contact 

Connector: female, coaxial, chassis mtg. 


female, 24 contact 
female, 24 contact 
female, 24 contact 


female, 24 contact 


Relay: 24 v D.C. S.P.D.T. (with 4 microswitches) 
Switch - micro, for Kl relay 

Resistor: fixed, comp., 75 ohms, +5%, % w 

Not Used : 

Resistor: fixed, comp., 75 ohms, +£5%, %w 


INPUT AND BLANKING UNIT, 8511323-501 


CAPACITORS: 

electrolytic, 100 wf, 12 v 
electrolytic, 100 pf, 25 v 

paper, l wf +20%, 200 v 
electrolytic, 10 wf 25 v 
electrolytic, 1 wf 25 v 

mica, 27 pyf +5%, 500 v char ‘“E” 
electrolytic, 100 wf 25 v 
electrolytic, 10 wf 25 v 

Not Used 

mica, 510 pyf +5%, 300 v char “F” 
Not Used 

mica, 470 wuf +5%, 300 v char “F” 
electrolytic, 100 wf 25 v 
electrolytic, 250 wf 12 v 

disc, 0.1 wf -~30 +80%, 75 v 

mica, 200 pwuf +5%, 500 v char “F” 
Not Used 

disc, 0.1 pf -30 +80%, 75 v 
electrolytic, 100 wf 25 v 
electrolytic, 10 uf 25 v 
electrolytic, 250 wf 12 v 
Rectifier: crystal diode 1N100 
Connector: male, 24 contact 
Transistor: 2N1143 

Transistor: 2N1301 

Transistor: 2N1143 

Transistor: 2N1301 

Transistor: 2N404 

Not Used 

Transistor: 2N1090 

Transistor: 2N404 

Not Used 
Transistor: 
RESISPORS: 
Pixed, Composition - Unless Otherwise Specified 
6200 ohms, +5%, 4%w 

6800 ohms, +5%, %w 

750 ohms, +5%, % w 

2000 ohms, +5%, % w 

variable, 2500 ohms, 2 w 

470 ohms, +5%, } 

Not Used 

2000 ohms +5%, 

180 ohms, +5%, 3 

270 ohms, +£5%, 

2700 ohms, ‘t5%, 4%w 

1200 ohms, +5%, % w 

620 ohms, +5%, ’%’w 


2N1090 


SPA-58 


1R14 82283-169 2700 ohms, +5%, %w 
1R15 82283-183 10,000 ohms, +5%, %w 
1R16 82283-128 51 ohms, +5%, %w 
1R17 82283-157 820 ohms, +5%, %w 
1R18,1R19 82283-159 1000 ohms, +5%, % w 
1R20 82283-155 680 ohms, +5%, % w 
1R21 82283-160 1100 ohms, +5%, 4% w 
1R22 82283-181 8200 ohms, +5%, 4% w 
1R23 82283-170 3000 ohms, £5%, %w 
1R24 82283-154 620 ohms, +5%, % w 
1R25 208677 8971860-9 variable, 5000 ohms, 2 w 
1R26 82283-171 3300 ohms, +5%, % w 
1R27 to 1R38 Not Used 

1R39 82283-202 62,000 ohms, +5%, %w 
1R40 82283-171 3300 ohms, +5%, %w 
1R41 82283-146 300 ohms, +5%, %w 
1R42 82283-185 12,000 ohms, +5%, % w 
1R43 82283-146 300 ohms, +5%, %w 
1R44 82283-159 1000 ohms, +5%, % w 
1R45 to 1R55 Not Used 

1R56, 1R57 8228 3-159 1000 ohms, +5%, %w 
1R58 82283-191 22,000 ohms, +5%, % w 
1TP1 to 1TP3 214603 8941099-4 Jack: tip, yellow 
1XQI, 1XQ2 221892 8707294-17 Socket: transistor 
1XQ3 Not Used 

1XQ4 221892 8707294-17 Socket: transistor 
1Z1 221893 8728444-2 Quad: consisting of 4 matched diodes, encapsulated 


Miscellaneous: 
Knob: red 


99385 8849946-7 


OUTPUT UNIT, 8511322-501 


CAPACITORS: 


3Cl 97639 458558-6 electrolytic, 1000 uf 25 v 

3C2 108020 8959154-114 electrolytic, 100 pf 25 v 

3C3 217350 8959154-108 electrolytic, 10 wf 25 v 

3C4 219040 8959154-181 electrolytic, 100 pf 12 v 

3C5 97639 458558-6 electrolytic, 1000 wf 25 v 

3C6 219040 8959154-181 electrolytic, 100 pf 12 v 

3C7 , 3C8 8914319-340 mica, 470 pf +5%, 300 v char “F” 
3C9 to 3C12 108020 8959154-114 electrolytic, 100 wf 25 v 

3€13 to 3C15 211767 458558-28 electrolytic, 3000 uf 15 v 
3C16,3C17 223102 8983966-1 disc, 0.1 wf -30 +80%, 75 v 
3C18, 3C19 56694 8979722-8 paper, 1 wf +20%, 200 v 

3CR1 207403 Rectifier: crystal diode 1N100 
351 221268 8414862-4 Connector: male, 24 contacts 


RESISTORS: 
Fixed, Composition - unless otherwise specified 


3R1 99126-126 43 ohms, +5%, 2 w 
3R2 82283-132 75 ohms, +5%, % w 
3R3 82283-159 1000 ohms, +5%, 4w 
3R4 82283-111 10 ohms, +5%, ’4w 
3R5 82283-150 430 ohms, +5%, % w 
3R6 82283-159 1000 ohms, +5%, % w 
3R7, 3R8 82283-163 1500 ohms, +5%, 4 w 
3R9 82283-149 390 ohms, +5%, % w 
3R10 82283-146 300 ohms, +5%, %w 
3R11, 3R12 82283-161 1200 ohms, +5%, % w 
3R13 82283-178 6200 ohms, +5%, % w 
3R14 82283-166 2000 ohms, +5%, *%& w 
3R15 82283-163 1500 ohms, +5%, % w 
3R16 95244 8971860-2 variable, 100 ohms, 2 w 


SPA-59 


3R17, 3R18 82283-155 680 ohms, +5%, % w 
3R19, 3R20 82283-142 200 ohms, +5%, %w 
3R21 82283-135 100 ohms, +5%, % w 
3R22, 3R23 82283-155 680 ohms, +5%, 4% w 
3R24 to 3R26 82283-166 2000 ohms, +5%, 4w 
3R27 82283-142 200 ohms, +5%, 4% w 
3R28 82283-131 68 ohms, +5%, 4% w 
3R29, 3R30 82283-142 200 ohms, +5%, % w 
3R31 82283-131 68 ohms, +5%, 4% w 
3R32, 3R33 82283-142 200 ohms, +5%, % w 
3R34 82283-131 68 ohms, +5%, 4% w 
3R35 - 82283-142 200 ohms, +5%, 4% w 
3R36 82283-143 220 ohms, +5%, 4% w 
3R37 82283-128 51 ohms, +5%, 4% w 
3S1 221269 8511365-1 Switch: toggle, S.P.D.T. 
3TP1 to 3TP6 214603 8941099-4 Jack: tip, yellow 


Miscellaneous: 
99385 8849946-7 Knob: control, red, for 3R16 

18469. 85558-3 Plate: capacitor mounting, for 3C1,3C5, 3C13, 
3C14 and 3C15 


COLOR MODULE, 8511326-501 


CAPACITORS: 


5Cl 221276 8511367-5 variable, ceramic, 7-45 puf 500 v N300 
5C2 8914319-332 |mica, 220 pf +5%, 500 v char “F” 
5C3 221890 8959154-101 electrolytic, 1 wf 25 v 

5C4 221284 8980848-112 paper, 0.1 pf +10%, 200 v 

5C5 Not Used 

5C6 221284 8980848-112 paper, 0.1 pf +10%, 200 v 

5C7 108020 8959154-114 electrolytic, 100 wf 25 v 

5C8 219.040 8959154-181 electrolytic, 100 wf 12 v 

5C9 108020 8959154-114 J|electrolytic, 100 wf 25 v 

5C10 221890 8959154-101 electrolytic, 1 pf 25 v 

5Cll 8811182-5 disc, 0.01 pf ~10 +60%, 500 v 
5C12 221284 8980848-112 paper, 0.1 wf +10%, 200 v 

§C13 108020 8959154-114 Jelectrolytic, 100 pf 25 v 

5C14 219040 8959154-181 Jelectrolytic, 100 pf-12 v 

5C15 217350 8959154-108 electrolytic, 10 wf 25 v 

5C16 Not Used 

5C17 108020 8959154-114 Jelectrolytic, 100 wf 25 v 

5C18 219040 8959154-181 electrolytic, 100 nf 12 v 

5C19 to 5C21 223102 8983966-1 disc, 0.1 pf ~30 +80%, 75 v 

5C22 108020 8959154-114 |Jelectrolytic, 100 wf 25 v 

5C23 57602 984003-7 variable, ceramic, 4.5-25 puf 500 v 
5C24, 5C25 223102 8983966-1 disc, 0.1 pf -30 +80%, 75 v 

5C26 8914319-324 mica, 100 spf +5%, 500 v char “*F” 
5C27 8914319-332 mica, 220 puf +5%, 500 v char ‘'F” 
5C28 8914319-324 |mica, 100 puf +5%, 500 v char F” 
5C29 , 5C30 223102 8983966-1 disc, 0.1 wf ~30 +80%, 75 v 

5C31 76872 8901210-11 variable, mica, 5-80 uuf 500 v 
5C32 8914319-325 |mica, 110 wut +5%, 500 v char “F” 
5C33 223102 8983966-1 disc, 0.1 wf -30 +80%, 75 v 

5C34 8914319-325 |mica, 110 puf +5%, 500 v char “SF” 
* §G3'5 76872 8901210-11 variable, mica, 5-80 puf 500 v 
5C36, 5C37 223102 8983966-1 disc, 0.1 pf -30 +80%, 75 v 

5C38 8914319-325 |mica, 110 pyuf +5%, 500 v char ‘*F” 
5C39 76872 8901210-11 variable, mica, 5-80 wef 500 v 
5C40 to 5C49 223102 8983966-1 disc, 0.1 wf -30 +80%, 75 v 

5C50 8914319-327 mica, 130 ppt 5%, 500 v char ‘“'F” 
5C51 219040 8959154-181 electrolytic, 100 wt 12 v 

5C52, 5C53 Not Used 


5C54 Part of 5Cl 


SPA-G6O 


| 
5C55 8914319-332 |mica, 220 wut £5%, 500 v char “F” YY 
5C56 8914319-345 i 750 puf +5%, 300 v char ‘“'F” 
5C57 217350 8959154-108 i 10 wf 25 v 
5C58 108020 8959154-114 i 100 wf 25 v 
5C59 8914319-329 i +5%, 500 v char “F” 
5C60 8914319-328 i 5%, 500 v char “F” 
5C61 8914319-326 i +5%, 500 v char “F” 
5C62 8914319-335 Jmica, 300 wwf +5%, 500 v char “F” 
5CR1, 5CR2 218501 8983872-1 Rectifier: germanium diode 
5CR3 215443 Rectifier: crystal diode 1N538 
5CR4 207403 Rectifier: crystal diode 1N100 
5J1 221268 8414862-4 Connector: male, 24 contacts 
5K1 218165 470678-5 Relay: 24 v D.C. S.P.D.T. (with 2 microswitches) 
216822 Switch - micro, for 5Kl 
5K2 221280 8817527-4 Relay: 10,000 ohms, coil, S.P.D.T. plug in 
SLI 99791 8825473-504 Coil: R.F. choke, 8 microhenry 
5L2, 5L3 205878 8825473-502 11: R.F. choke, 4 microhenry 
5L5 to 5L6 205518 8825473-507 il; RF. choke, 20 microhenry 
5L7 
5L8 213197 476933-3 il: peaking, 5-9 microhenry 
5L9 99791 8825473-504 il: R.F. choke, 8 microhenry 


RESISTORS: 
Fixed, Composition - unless otherwise specified 
82283-141 180 ohms, £5%, %w 
82283-169 2700 ohms, £5%, % w 
82283-165 1800 ohms, +5%, %w 
82283-169 2700 ohms, +5%, % w 
82283-127 47 ohms, +5%, ’% w 
206913 8971860-6 variable, 1000 ohms, 2 w 
82283-1161 1200 ohms, +5%, 4% w 
82283-178 6200 ohms, £5%, % w \ 
82283-143 220 ohms, +5%, 4% w 
5R10 82283-153 560 ohms, +5%, % w 
5R11 82283-159 1000 ohms, +5%, %w 
SR12 82283-167 2200 ohms, +5%, % w 
5R13 82283-137 120 ohms, +5%, 4% w 
SR14 82283-159 1000 ohms, £5%, 4’ w 
5R15 82283-151 470 ohms, +5%, 4% w 
5R16, 5R17 82283-169 2700 ohms, +5%, % w 
5R18 82283-153 560 ohms, +5%, % w 
5R19 82283-145 270 ohms, +5%, % w 
5R20 82283-123 33 ohms, +9%, %w 
5R21 82283-167 2200 ohms, +5%, % w 
5R22 82283-159 1000 ohms, +5%, % w 
5R23 82283-137 120 ohms, +5%, % w 
5SR24 82283-159 1000 ohms, +5%, % w 
5SR25 82283-151 470 ohms, +5%, % w 
5R26 82283-159 1000 ohms, +5%, % w 
5R27 , 5R28 82283-123 33 ohms, +5%, %w 
5R29, 5R30 Not Used 
5R31, 5R32 82283-195 33,000 ohms, +5%, % w 
5R33 82283-141 180 ohms, +5%, 4% w 
5R34 82283-163 1500 ohms, +5%, %w 
5R35 82283-198 43,000 ohms, 15%, % w 
5R36 82283-182 9100 ohms, +5%, 4w 
5R37 82283-156 750 ohms, +£5%, % w 
5R38 82283-158 910 ohms, +5%, % w 
5R39 82283-179 6800 ohms, +5%, ’%w 
5R40, 5R41 82283-189 18,000 ohms, +5%, %w 
5R42 82283-160 1100 ohms, +5%, ’%w 
5R43 8228 3-231 1 meg +5%, % w 
5R44 82283-143 220 ohms, +5%, ’%w 
5R45 206913 8971860-6 variable, 1000 ohms, 2 w 
5R46, 5R47 82283-189 18,000 ohms, +5%, % w 


5R48 
5R49 
5R50 
5R51 
5R52, 5R53 
5R54 
5R55 
5R56 
SR57 
5R58 
5SR59 
5R60, 5R61 
5R62 
5R63 
5R64 
5R65 
5R66 
5R67 
5R68 
5R69 
5SRT0 to SR72 
5R73 
5RT4 
SR75 
5R76 
SRTT 
5R78 
SR79 
5R80 
5R81 
5R82 
5R83 
5R84 
5R85 
5R86 
581 


5T1 
5TP1 to STP6 
5Z1, 5Z2 


6Cl 
6C2,6C3 
6C4 

6C5 

6C6 

6C7 
6C8 , 6C9 
6C10 
6Cll 
6C12 
6C13 
6C14 
6C15 
6C16 
6C17 
6C18 


206913 


208656 


221281 


221283 
214603 
221894 


205329 
208256 


82283-160 
82283-139 
8971860-6 
82283-231 
82283-189 
82283-167 
8228 3-191 
82283-175 
82283-163 
82283-136 
82283-147 
82283-189 
82283-167 
82283-145 
8971860-8 
82283-183 
82283-147 
82283-150 
82283-159 
82283-141 


82283-166 
82283-192 
8980004- 23 
82283-171 
82283-163 
82283-171 
82283-159 
82283-167 
82283-159 
82283-171 
82 283-135 
82283-157 
82283-150 
82283-193 
8511374-1 


8449595-501 
8941099-4 
8728444-1 


741622-501 
737867-106 


HORIZONTAL AFC UNIT, 851 1308-501 


SPA-61 


1100 ohms, +5%, 4% w 

150 ohms, £5%, %w 

variable, 1000 ohms, 

1 meg +5%, 4w 

18,000 ohms, +5%, 3 

2200 ohms, +5%, % 

22,000 ohms, +5%, 

4700 ohms, +5%, % 

1500 ohms, +5%, % w 

110 ohms, +5%, 4% w 

330 ohms, +5%, % w 

18,000 ohms, +5%, % w 

2200 ohms, +5%, 4% w 

270 ohms, +5%, 4 w 

variable, 2500 ohms, 2 w 

10,000 ohms, +5%, 4% w 

330 ohms, +5%, % w 

430 ohms, +5%, % w 

1000 ohms, +5%, % w 

180 ohms, +5%, % w 

Not Used 

2000 ohms, +5%, % w 

24,000 ohms, +5%, %w 

variable, 5000 ohms, % w 

3300 ohms, +5%, % w 

1500 ohms, +5%, % 

3300 ohms, +5%, % 

1000 ohms, +5%, % 

2200 ohms, +5%, % 

1000 ohms, +5%, % 

3300 ohms, +5%, % 

100 ohms, £+5%, %w 

820 ohms, +5%, % w 

430 ohms, +5%, Yow 

27,000 ohms, £5%, 4w 

Switch: rotary, 4 circuit, 5 pos. 2 sec. 
Centralab #PS-111 

Transformer 

Jack: tip, yellow 

Quad: consisting of 4 matched diodes, encapsulated 


Miscellaneous: 
Knob: control, black 
Socket: 7 pin, for 5K2 


221890 
221895 
221890 
106552 
217350 
221904 
217350 


106114 


216712 
221896 


8959154-101 
8924416-124 
8959154-101 
8959154-184 
8959154-108 
8980848-118 
8959154-108 
8924416-312 
8959154-122 
8924416-325 
8914319-345 
8924416-314 
8959154-167 
8980848- 100 
8914319-326 
8924416 -325 


CAPACITORS: 

electrolytic, 1 wf 25 v 

mica, 4300 puff +1%, 300 v char “F” 
electrolytic, 1 wf 25 v 
electrolytic, 250 pf 12 v 
electrolytic, 10 wf 25 v 

paper, 0.33 wf +10%, 200 v 
electrolytic, 10 wf 25 v 

mica, 1200 ppyf +5%, 500 v char “F” 
electrolytic, 10 wf 6 v ; 
mica, 4700 wuf £5%, 300 v char “F” 
mica, 750 wyf +5%, 300 v char “F” 
mica, 1500 wyf £5%, 500 v char ‘“‘F” 
electrolytic, 1 wf 12 v 

paper, 0.01 «f +10%, 200 v 

mica, 120 puf +5%, 500 v char “F” 
mica, 4700 puf +5%, 300 v char “F” 


SPA-62 


6C19 
6C20 
6C21 
6C22 
6C23 
6C24 
6C25 
6C26 
6C27 , 6C28 
6C29 
651 
6Q3 


6R1 
6R2, 6R3 
6R4 
6R5, 6R6 
6R7 
6R8, 6R9 
6R10 
6R11 
6R12 
6R13 
6R14 
6R15 
6R16 
6R17 
6R18 
6R19 
6R20 
6R21 
6R22 
6R23 
6R24 
6R25 
6R26 
6R27 
6R28, 6R29 
6R30 
6R31 
6R32 
6R33 
6R34 
6R35 
6R36 
6R37 
6R38 
6R39 
6R40 
6R41 
6R42 
6R43, 6R44 
6R45 
6R46 
6R47 
6R48 
6R49 
6R50 
6R51 
6R52 
6R53 
6R54 
6R55 


221890 
217350 
219039 


218615 
223102 
221896 
217350 


221268 
221897 


221898 
221898 
219942 


98956 
218517 


221899 


221666 


221281 


221900 


221281 


221281 


8914319-329 
8959154-101 
8959154-108 
8959154-110 
8924416-324 
8959154-174 
8983966-1 

8980848-100 
8959154-108 
8914319-340 
8414862-4 


990724-285 
82283-159 
990724-285 
990724-421 
8971860-106 
8513655-330 
82283-123 
82283-127 
82283-186 
82283-140 
82283-195 
82283-183 
82283-166 
2283-145 


82283-145 
82283-167 
990724-385 
82283-167 
82283-187 
82283-111 
82283-156 
8 2283-159 
82283-175 
82283-176 
990724-377 
82283-171 
82283-159 
82283-135 
82283-145 
82283-155 
82283-161 
8980004-23 
990724- 321 
82283-159 
82283-170 
82283-175 
82283-152 
82283-175 
82283-167 
82283-135 
82 283-139 
82283-170 
82283-167 


82283-111 
8980004-23 
82283-161 
8980004- 23 
82283-167 


mica, 160 wef +5%, 500 v char “F” 
electrolytic, 1 wf 25 v 
electrolytic, 10 wf 25 v 
electrolytic, 25 wi 25 v 

mica, 4300 wuf +5%, 300 v char “F” 
electrolytic, 10 wf 12 v 

disc, 0.1 wf -30 +80%, 75 v 
paper, 0.01 wf +10%, 200 v 
electrolytic, 10 wf 25 v 

mica, 470 puf +5%, 300 v char “F” 
Connector: male, 24 contacts 
Transistor: 2N1417 


RESISTORS: 

Pixed, Composition - unless otherwise specified 
film, 750 ohms, +1%, 1/8 w 
1000 ohms, +5%, % w 

film, 750 ohms, +1%, 1/8 w 
film, 16,200 ohms, +1%, 1/8 w 
variable, 1000 ohms, 2 w 
film, |2000 ohms, +1%, 1/8 w 
33 ohms, +5%, % w 

47 ohms, +5%. % w 

13,000 ohms, +5%, 4%w 

160 ohms, +5%, % w 

33,000 ohms, +5%, %w 
10,000 ohms, +5%, %w 

2000 ohms, +5% %w 

270 ohms, +5%. 4% w 

Not Used 

270 ohms, +5%, % w if eaart 
2200 ohms, +5%. % w YY 
film, 7500 ohms, +1%. 1/8 w 
2200 ohms, +5%. %w 

15,000 ohms, +5%. 4% w 

10 ohms, +5%, %w 

750 ohms, +5%, % w 

1000 ohms, +5%, %w 

4700 ohms, +5%, 4% w 

5100 ohms, +5%, %w 

film, 6190 ohms, +1%, 

3300 ohms, +5%. % w 

1000 ohms, +5%, %w 

100 ohms, +5%, ¥% w 

270 ohms, +5%, % w 

680 ohms, +5%, %w 

1200 ohms, +5%, %w 
variable, 5000 ohms, 

film, 1620 ohms, +1%, 

1000 ohms, +5%, %w 

3000 ohms, +5%, %w 

4700 ohms, +5%, % w 

510 ohms, +5%, %w 

4700 ohms, +5%, %w 

2200 ohms, +5%, %w 

100 ohms, +5%, %w 

150 ohms, +5%, %w 

3000 ohms, +5%, %w 

2200 ohms, +5%, % w 

Not Used 

10 ohms, +5%, %w 

variable, 5000 ohms, % w 
1200 ohms, +5%, 4% w 
variable, 5000 ohms, %w VY 
2200 ohms, +5%, ’%w 


of 
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6S1 
6TP1 to 6TP3 
6Z1 


8Cl 

8C2 

8C3 

8C4 

8C5 

8C6 

8C7 

8C8 

8C9 

8C10 

8Cll 

8C12 

8C13 

8C14 

8C15 

8C16 

8C17 

8C18 

8C19 
8CR1 , 8CR2 
8CR3 to 8CR5 
8CR6 

8CR7 

8CR8 to 8CR10 
831 

8Q3 


221273 
214603 
221893 


221901 
106552 


106054 
106552 


221902 
106552 


106054 
221903 
106552 
106054 
216712 


221904 
108020 
99882 

207403 
218612 
207403 
218612 
207403 
221268 
221924 


222297 
221905 


72067 


222297 
221906 


72067 


222297 
221907 


72067 


221908 


8511366-1 
8941099-4 
8728444-2 


Switch: 
Jack: 
Quad: 


push-button, S.P.D.T. 
tip, yellow 
consisting of 4 matched 


VERTICAL ADVANCE UNIT, 8511068-501 


8980848-108 
8959154-184 
8924416-312 
8924416-318 
8959154-177 
8959154-184 
8924416-318 
8980848-122 
8959154-184 
8924416-324 
8959154-177 
8980848-126 
8959154-184 
8959154-177 
8959154-167 
8924416-316 
8980848-118 
8959154-114 
8511368-2 


841486 2-4 


8980004-22 
8513655-365 
82283-183 
82283-162 
867970-331 
82283-135 
82283-138 
82283-159 
82283-135 
82283-153 
82283-142 
8980004- 23 
8513655-369 
82283- 183 
82283-162 
867970-331 
82283-142 
82283-119 
82283-174 
8980004-22 
8513655-401 
82283- 183 
82283-162 
82283-142 
867970-331 
82283-138 
9907 24-373 
82283-111 


CAPACITORS: 

paper, 0.047 wf +10%, 200 v 
electrolytic, 250 wf 12 v 

mica, 1200 wuf +5%, 500 v char 
mica, 2400 wuf +5%, 500 v char 
electrolytic, 25 wf 12 v 
electrolytic, 250 wf 12 v 

mica, 2400 wef +5%, 500 v char 
paper, 0.68 wf +10%, 200 v 
electrolytic, 250 wf 12 v 

mica, 4300 wuf +5%, 300 v char 
electrolytic, 25 wf 12 v 

paper, 2 uf +10%, 200 v 
electrolytic, 250 wf 12 v 
electrolytic, 25 wf 12 v 
electrolytic, 1 wf 12 v 

mica, 1800 wef +5%, 500 v char 
paper, 0.33 wf +10%, 200 v 
electrolytic, 100 wf 25 v 

disc, 0.01 wf -40 +60%, 150 v 
Rectifier: crystal diode, 
Rectifier: crystal diode, 
Rectifier: crystal diode, 
Rectifier: crystal diode, 
Rectifier: crystal diode, 1N10 
Connector: male, 24 contact 
Transistor: 2N595 


RESISTORS: 


diodes, 


oe F” 


1N100 
1N2069 
1N100 
1N2069 


0 


encapuslated 


Fixed, Composition - unless otherwise specified 


variable, 2000 ohms, 
film, 4640 ohms, +1%, 
10,000 ohms, 45%, 4% w 
1300 ohms, +5%, %w 
wire wound, 5.1 ohms, +10%, % w 
100 ohms, +5%, %w 

130 ohms, +5%, % w 

1000 ohms, +5%, % w 

100 ohms, +5%, %w 

560 ohms, +5%, %w 

200 ohms, +5%, %w 

variable, 2000 ohms, \ w 

film, 5110 ohms, +1%, 1/8 w 
10,000 ohms, +5%, % w 
1300 ohms, +5%, %w 
wirewound, 5.1 ohms, 
200 ohms, +5%, %w 

22 ohms, +5%, 4%w 
4300 ohms, +5%, %w 
variable, 2000 ohms, \ w 
film, 10,000 ohms, +1%, 
10,000 ohms, +5%, %w 
1300 ohms, +5%, 4%w 
200 ohms, +5%, % w 
wire wound, 5.1 ohms, 
130 ohms, +5%, %w 
film, 5620 ohms, 11%, 
10 ohms, +5%, 4%w 


Yow 
1/8 w 


+10%, 4% w 


1/8 w 


+10%, % w 


1/8 w 
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8R29 

8R30 
8R31 

8R32 

8R33 

8R34 

8R35 

8R36 

8R37 

8R38 

8R39 

8R40 

8R41 
8R42,8R43 
8R44 

8R45 

8R46 

8R47 

8R48 

8R49 

8R50 to 8R53 
8R54 

8R55 

8R56 

8R57 

851 

8TP1 to 8TP6 


9CR1, 9CR2 
9CR3 

9CR4 to 9CR9 
9CR10 

9CR11, 9CR12 
9CR13 

9CR14 

931 


9R1 
9R2 


221281 


221273 
214603 


205329 


221909 
221896 
221910 
106735 


221890 
219039 
219040 
221911 
221896 


219040 
221284 


221901 
207403 
218612 
207403 
218612 
207403 
218612 
207403 
221268 


56596 


82283-152 510 ohms, 5%, % w Ma 
8971860-4 variable, 250 ohms, 2 w 
82283-140 160 ohms, +5%, % w 
82283-183 10,000 ohms, +5%, %w 
82283-162 1300 ohms, +5%, % w 
82283-142 200 ohms, +5%, 4% w 
867970-331 wire wound, 5.1 ohms, +10%, Kw 
82283-138 130 ohms, +5%, %w 
82283-191 22,000 ohms, +5%, % w 
82283-171 3300 ohms, +5%, %w 
82283-178 6200 ohms, +5%, 4% w 
82283-159 1000 ohms, +5%, % w 
82283-183 10,000 ohms, 45%, 4% w 
82283-159 1000 ohms, +5%, % w 
82283-152 510 ohms, +5%, 4% w 
82283-169 2700 ohms, +5%, % w 
82283-159 1000 ohms, +5%, % w 
82283-147 330 ohms, +5%, % w 
82283-123 33 ohms, +5%, % w 
82283-174 4300 ohms, +5%, 4% Ww 
82283-135 100 ohms, +5%, %w 
82283 -136 110 ohms, +5%, % w 
8980004-23 variable, 5000 ohms, %w 
8228 3-207 100,000 ohms, +5%, %w 
82283-174 4300 ohms, +5%, %w 
8511366-1 Switch: push-button, S.P.D.T. 
8941099-4 Jack: tip, yellow 
Miscellaneous: 
741622-501 Knob: control 
=m) 4 
SYNC LOGIC UNIT, 85! 1069-501 <Z 
CAPACITORS: 
8980848-120 paper, 0.47 wf +10%, 200 v 


8980848-100 
8980848-116 
8959154-176 
8914319-340 
8959154-101 
8959154-110 
8959154-181 
8980848-124 
8980848- 100 
8924416-316 
8924416-318 
8959154-181 
8980848-112 
8914319-328 
8924416-325 
8924416-321 
8924416-326 
8980848-108 


8414862-4 


8971860-108 
82283-174 


paper, 0.01 wf +10%, 200 v 

paper, 0.22 uf +10%, 200 v 
electrolytic, 20 wf 12 v 

mica, 470 pef +5%, 300 v char ‘'F” 
electrolytic, 1 wf 25 v 
electrolytic, 25 wf 25 v 
electrolytic, 100 wf 12 ¥v 

paper, 1 wf £10%, 200 v 

paper, 0.01 wf +10%, 200 v 

mica, 1800 wuf +5%, 500 v char “F” 
mica, 2400 uwuf +5%, 500 v char “FF” 
electrolytic, 100 pf 12 v 

paper, 0.1 wf 410%, 200 v 

mica, 150 wuf +5%, 500 v char “*F” 


char ‘‘F” 


mica, 4700 puf +5%, 300 v 

mica, 3300 wut +5%, 500 v char “F” 
mica, 5100 wuf +5%, 300 v char “F” 
paper, 0.047 wf +10%, 200 y 
Rectifier: cyrstal diode 1N100 
Rectifier: crystal diode 1N2069 
Rectifier: crystal diode 1N100 
Rectifier: crystal diode 1N2069 
Rectifier: crystal diode 1N100 
Rectifier: crystal diode 1N2069 
Rectifier: crystal diode 1N100 


Connector: male, 24 contact 

RESISTORS: 

Fixed, Composition ~ unless otherwise specified 
variable, 2500 ohms, 2 w 


4300 ohms, +5%, % w 


ee 
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82283-161 1200 ohms, +5%, 4 w 
9R4, 9RS 82283-183 10,000 ohms, +5%, % w 


9OR6 82283-163 1500 ohms, +5%, %w 
ORT 82283-139 150 ohms, +5%, % w 

OR8 82283-170 3000 ohms, 5%, kw 
9R9 82283-159 1000 ohms, +5%, 4w 
9R10 82283-176 5100 ohms, +5%, % w 
9R11 82283-161 1200 ohms, +5%, 4%w 
9R12 82283-152 510 ohms, +5%, %w 
9R13 82283-175 4700 ohms, +5%, %w 
9R14 82283-165 1800 ohms, +5%, %w 
9ORI5 82283-171 3300 ohms, +5%, % w 
9R16 82283-166 2000 ohms, +5%, % w 
9RI7 82283 -178 6200 ohms, +5%, %w 
OR18 82283-175 4700 ohms, +5%, %w 
9R19 82283-157 820 ohms, +5%, %w 
9R20 82283 -207 100,000 ohms, +5%, %w 
9R21 82283-183 10,000 ohms, +5%, 4%w 
9R22 82283-190 20,000 ohms, +5%, %w 
9R23 82283-147 330 ohms, +5%, %w 
9R24 82283-155 680 ohms, +5%, % w 
9R25 82283-175 4700 ohms, +£5%, %w 
9R26 82283-144 240 ohms, +5%, %w 
9R27 82283-139 150 ohms, +5%, %w 
9R28 82283-159 1000 ohms, +5%, 4%w 
9R29 82283-185 12,000 ohms, +5%, %w 
9R30, 9R31 82283-191 22,000 ohms, +5%, %w 
9R32 82283-166 2000 ohms, +5%, %w 
9R33 3t 22 8971860-109 variable, 5000 ohms, 2 w 
9R34 221908 990724-373 film, 5620 ohms, +1%, 1/8 w 
9R35 82283-165 1800 ohms, +5%, %w 
9R36 82283-140 160 ohms, +5%, 4%w 
9R37 82283-169 2700 ohms, +5%, %w 
9R38 221666 990724-377 film, 6190 ohms, +1%, 1/8°w 
9R39 82283-161 1200 ohms, £5%, %w 
9R40 82283-133 82 ohms, +5%, % w 

9R41 82283-159 1000 ohms, +5%, % w 
9R42 82283-135 100 ohms, +5%, % w 
9R43 82283-199 47,000 ohms, +5%, ’4w 
9R44 82283-177 5600 ohms, +5%, 4% w 
9TP1 to 9TP3 214603 8941099-4 Jack: tip, yellow 


POWER | UNIT, 8511324-501 


CAPACIZORS: 
11C1, 11¢c2 97639 458558-6 electrolytic, 1000 wf 50 v 
11C3 221913 458557-15 electrolytic, 150 »f 150 v 
11C4 219039 8959154-110 | electrolytic, 25 pf 25 v 
11C5 221890 8959154-101 electrolytic, 1 pf 25 v 
11C6 108020 8959154-114 | electrolytic, 100 wf 25 v 
11C7 106552 8959154-184 electrolytic, 250 wf 12 v 
11C€8 221890 8959154-101 electrolytic, 1 wf 25 v 
11C9 223102 8983966-1 disc, 0.1 wf -30 +80%, 75 v 
11CR1, 11CR2 221914 Rectifier: crystal diode 1N608 
11CR3 221915 Rectifier: crystal diode 650C 
11CR4 221916 Rectifier: crystal diode SV3170 
11F1 212875 990171-11 Fuse: 1 amp 
11F2 47662 990171-9 Fuse: 0.5 amp 
11F3 221917 990171-10 Fuse: 0.75 amp 
ilJ1 221268 8414862-4 Connector: male, 24 contacts 
11M1 221272 8511359-1 Meter: 0-30 v D.C, 
11Q2 221918 Transistor: 2N332 
RESISTORS: 


Pixed, Composition - unless otherwise specified 
wire wound, 0.51 ohms, +5%, 4w 


11R1 221919 867970-9 
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11R2 221920 458572-2 wire wound, 5 ohms, +5%, 5 w 
11R3 95880 458574-4 wire wound, 20 ohms, +5%, 10 w 
11R4 90496-139 150 ohms, +5%, 1 w 

11R5 82283-139 150 ohms, +5%, % w 

11R6 82283-163 1500 ohms, +5%, % w 

11R7 82283-183 10,000 ohms, +5%, 4% w 

11R8 82283 -163 1500 ohms, 5%, % w 

11R9 82283-151 470 ohms, +5%, % w 

11R10 82283-162 1300 ohms, +5%, %w 

11R11 221668 990724-349 film, 3160 ohms, +1%, 1/8 
11R12 98221 8971860-105 variable, 500 ohms, 2 w 

11R13 221921 990724-312 film, 1300 ohms, +1%, 1/8 
11R14 Not Used 

11R15 215173 9907 27-341 film, 2610 ohms, +1%, 1/4 
11R16 22.1922 990727-317 film, 1470 ohms, +1%, 1/4 
LIR17 90496-139 150 ohms, +5%, 1 w 

11R18 82283-178 6200 ohms, +5%, %w 

11R19, 11R20 82283-163 1500 ohms, +5%, 4%w 

11R21 2219.23 990724-305 film, 1100 ohms, +1%, 1/8 w 
11R22 213701 990724-389 film, 8250 ohms, +1%, 1/8 w 
11R23 221919 867970-9 wire wound, 0.51 ohms, +5%, % w 
11R24 82283-111 10 ohms, +5%, % w 

11R25 82283-131 68 ohms, +5%, % w 

11S1 221273 8511366-1 Switch: push-button, S.P.D.T. 
11T1 221271 8449544-1 Transformer: power, 115 v 60 cps 
11XF1 to 11XF3] 97912 8813054-1 Holder; fuse 


Miscellaneous: 
18469 85558-3 Plate: capacitor mounting, for 11Cl and 11C2 
28452 85558-2 Plate: capacitor mounting, for 11C3 


POWER 2 UNIT, 8511325-501 


12J1 221268 8414862-4 Connector: male, 24 contacts 

12R1,12R2 82283-159 Resistor: fixed, comp., 1000 ohms, +5%, % w 
12TP1, 12TP2 214603 8941099-5 Jack: tip, yellow 

12XQ2 219949 8975560-2 Socket: transistor 
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Figure SPA-45. Schematic Diagram of Signal Processing Amplifier Frame 


J5-~-15 
J5-5 
J5-1G 


SPA-68 


SPA-69-70 


INPUT AND BLANKING MODULE 


$s : ~Z2V SHEN 
Wt By Lov Wa 24 FEEDBACK —- 
VIREO IN IR) IRB TL ae remit LAMPLe 3.5V 
mH ITPA 6200 750 = 25v ; 1c5 


mt » U 
Lead 3, -5V 
} Ti2vde! f 
ap ; =, 


ITP3 
RIG OVce IRI® 
5) 1000 


oO 1.0 ME IRIa PEDESTAL 
Ic! lad PEDESTAL 
K I-12 ee aS jOoMF 2NI1143 i sates IR25 
WV (y- 
les ics 

3-18 Dae cae fy fOGN (yr pies vomelt 5000 
5) ~~, ¥ \hy j asv => 

o-2. BRE c hs 

may %i5 EMITTER 

© i “dazu FOLLOWER Inzo 

© IR] IR4 RD, 

@ G00 < 2000 2sy 

=< +-12v 
J=8 GS) )RIZ 
J5-9 6) us J = c S20 

a 
J3-n (Qa | 
Jd-1 A? = || ; 
Ryo 
JB-3 

Q le 
~15V ipaad 127 

Jd-22 @- 2K L | 200+ 1egl4- IRSG 


> AZNI090 2 |OCO 


| Bs2z~oBis-o 


105 (ZI a4 103 iQ! IR5 


109192 


1Qi4 ICRI 1Q6 (Ql Key Te) 1Q2 


Figure SPA-46. Schematic Diagram with 
Chassis View of Input and Blanking Module 
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Figure SPA-47. Schematic Diagram with 
Chassis Views of Output Module 
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Figure SPA-48. Schematic Diagram with 
Chassis View of Horizontal AFC Module 
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Nee0e Figure SPA-49. Schematic Diagram with 
Chassis Views of Vertical Advance Module 
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Figure SPA-50. Schematic Diagram with 
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Figure S-1. 2 x 1 Switcher, Front View 
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Figure S-2. Simplified Block Diagram of 2 x 1 Switcher 


TECHNICAL DATA 


Power Required 
AC: 117 volts, 5@/60 cps, 100 watts 
(from circuit breaker no. 2). 


DC: 280 volts, 375 ma 
(from power supply no. 2, unit 410). 


Inputs 
FM signals “A” and “B’’: 
@.5 volt peak-to-peak (from 4 x 2 switcher, unit 207). 


960 cycle pulse: 
4.0 volts peak-to-peak, approximately 
(from tonewheel amplifier, unit 505). 


240 cycle pulse: 

4.0 volts. peak-to-peak 

(from tonewheel amplifier, unit 505). 
Video: 

1.0 volt peak-to-peak, nominal 

(from demodulator, unit 201). 


Error Signal Supplied to Guide Servo 


75 millivolts peak-to-peak (at 960 cps) per mil error 
in guide position. 


DC Bias Supplied to Guide Servo 


—6 volts de, nominal. 


Frequency Compensation 
Variable (see figure S-8). 


Outputs 


Combined FM signal: 
1.0 volt peak-to-peak, nominal 
(to demodulator, unit 201). 
Separated Sync: 
4.0 volts peak-to-peak 
(to processing amplifier, unit 308). 


Fuse 
1.5 amperes, slo-blo, 3AG 


Tube and Diode Complement 


Tubes: 6—6AL5 
5 — 5687 
4— 12AT7 
3 —GAW8A 
2 — 6CLG6 
2 — 5963 
2— 6AN8 
1 — 6AUG6 
1 —-6CG7 
1 — 6AU8 


1 — 12BH7 


4— 1N54A 
2— 1N2071 


Diodes: 


S-3 


DESCRIPTION 


The 2 x 1 switcher (unit 309) is shewn in figure 
S-1. The separate functions of the unit are described 
briefly below, and in greater detail in the section on 
circuits. (Refer to the simplified block diagram, 
figure S-2.) 


1. A function of the unit is to combine two fm 
inputs (“A” and “B’”) from the 4 x 2 switcher (unit 
207) into a single output which is fed to the demodu- 
lator (unit 201). In combining the fm signals, switch- 
ing is controlled so that the head signals are main- 
tained in proper sequence (1, 2, 3, 4, etc.). 


2. The video signal from the demodulator is fed 
back to the 2 x 1 switcher so that the sync pulses may 
be separated from the video. The separated sync 
pulses are used for a number of timing operations, 
including the control of the 2 x 1 switching function. 
Circuits are provided to remove switching transients 
from the separated sync pulses. 


3. A 960-cycle error signal is developed by an 
adaptation of the synchroguide circuit, This signal 
is fed to the guide servo (unit 506) to automatically 
adjust the guide position so that the correct position 
may be maintained. 


4. The unit also generates a de bias voltage which 
is fed to the guide servo chassis so that the servo may 
operate automatically. When the video signal from 
the demodulator disappears or drops well below its 
normal level the bias voltage is removed, thus placing 
the guide servo in manual operation. 


Circuits 


Sync Separation. As shown on the block diagram, 
figure S-3, and schematic diagram, figure S-20, the 
composite video signal from the demodulator, having 
an amplitude of one volt peak-to-peak, is fed to the 
2 x 1 switcher at input jack J10 and may be observed 
at test point TP6 (VIDEO IN). Video amplifier 
V24A raises the composite signal amplitude to ap- 
proximately 46 volts peak-to-peak before it is fed to 
cathode follower V24B which provides a low input 
impedance to the following stage (V20A). 


V20A is operated with no cathode bias, so that the 
high-level composite signal applied to its grid easily 
drives the tube below cutoff, thus removing the video 
portion of the signal while retaining sync. The posi- 
tive-going sync pulses cause grid current to flow, 
thereby charging coupling capacitor C20 and causing 
the sync tips to line up at a uniform de level. This 
results in clipping level stabilization. 
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Figure §-3. 2 x 1 Switcher, Block Diagram 


The amplitude of separated sync is increased to 
approximately 50 volts peak-to-peak by pulse ampli- 
fier V20B before it is fed to sync clipper V16. The 
purpose of V1G is to provide pulses of constant ampli- 
tude even when the input video signal amplitude 
varies over an appreciable range. Diode CR2 sets the 
dc level of the positive-going sync pulses applied to 
the grid of V1GA within the conduction range of the 
tube. The input pulses drive the grid of V16A below 
cutoff and the clipped waveform is fed directly to the 
cathode of V16B. The separated sync then appears in 
the plate circuit of V16B as a positive-going pulse 
with an amplitude of approximately 24 volts peak- 
to- peak, 


Cathode follower V11B provides a low impedance 
input to sync adder V6A and cathode follower V11A. 
The positive-going sync pulses fed to the grid of sync 
adder VGA are inverted and added to pushout pulses 
from V15A and V28 in the plate circuit of VGA. 


Pushout pulses are required to remove switching 
transients which occur during the first half of every 
16th or 17th horizontal sync pulse. The switching 
transients are removed by pushing them outside the 
normal amplitude range of sync and clipping them 
off in sync clipper stage V6B. Two pushout pulses 
are used in this operation. One pulse is derived from 
the trigger source for the fm switching circuit and 
occurs only at the time an actual video head switch 
takes place (nominally 960 cps). The width of this 
pulse must be adjusted so that it is only slightly 
narrower than the horizontal sync pulse width, and it 
must also be delayed to compensate for delays in the 
demodulator and sync separator circuits. The second 
pushout pulse, derived from the synchroguide circuit, 
is narrow enough to fall within the equalizing pulse 
interval and recurs at a 15.75 kc rate. This pulse must 
be delayed to compensate for the pulse advance in 
the synchroguide circuit (see Synchroguide). The 
primary function of this pulse is to insure removal 
of switching transients recorded in rf copies which 
may not coincide with switching transients in the final 
playback machine. 


The signal applied to the grid of sync clipper V6B 
contains sync pulses, pushout pulses, and switching 
transients. The amplitude of this signal is great 
enough to cause the pushout pulses and switching 
transients to fall below the tube cutoff level, thus 
allowing only sync pulses to appear at the plate of 
VOB. These sync pulses are amplified by sync output 
stage V3 and appear at output jack J8 as negative- 
going pulses having amplitudes of 4 volts peak-to- 
peak. The separated sync output may be observed at 
test point TP4 (SYNC OUT) before it is fed to the 
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processing amplifier (unit 308) and reference gen- 
erator (unit 407). (Where color processing equip- 
ment is used, separated sync is also fed to the burst 
oscillator, unit 605). 


FM Switching. The fm input voltages from the 
4 x 2 switcher consist of fm head signals 1 and 3 com- 
bined into fm input A, and fm head signals 2 and 4 
combined into fm input B, A function of the 2 x 1 
switcher is to combine the two individual] inputs into a 
single output with the fm head signals maintained in 
the proper sequence (1, 2, 3, 4, etc.). A 960-cycle tone- 
wheel pulse is used to trigger the gate circuits which 
control the switching of fm signals A and B so that 
this sequence may be maintained. Initial correct phas- 
ing of the sequence is obtained from a 240-cycle tone- 
wheel reference pulse. 


A three TV line overlap occurs in the transverse 
track signals so that before head no. 1 leaves the tape, 
head no. 2 has entered and is reading the same in- 
formation as head no. 1. Similarly, there is an overlap 
between video heads 2 and 3, 3 and 4, 4 and 1. Switch- 
ing between signals A and B is desired during the 
first horizontal sync pulse which occurs during this 
overlap interval. 


The 960-cycle pulse which identifies the overlap 
interval is obtained from. the tonewheel amplifier (unit 
505), and is applied to the 2 x 1 switcher at jack J4. 
The pulse, having a nominal amplitude of 4 volts peak- 
to-peak, is fed to amplifier V8 and may be observed at 
test point TP3 (960 IN). Following amplification to 
approximately 12 volts peak-to-peak by V8, the pulse 
is fed directly to the left side of bi-stable multivibrator 
V9. This side of V9 is then cut off, allowing the right 
side to conduct. Because of the dc networks connecting 
the plate of one side of V9 to the grid of the other 
side and vice versa, the right side mentioned above 
will continue to conduct until it is triggered by a pulse 
derived from the synchroguide circuit (see Syachro- 
guide), Capacitors C64 and C66 bypass high frequency 
energy around the de networks so that the “flipping” 
action of V9 will be accelerated. 


The first synchroguide pulse applied to V9 following 
a 960-cycle pulse flips the multivibrator until the next 
960-cycle pulse appears. Because the synchroguide 
pulses appear much more frequently than the 960-cycle 
pulses (15.75 kc as compared with 960 cps), the right 
side of V9 is cut off and the left side is conducting 
most of the time. This action results in a narrow (90 
to 150 microsecond wide) pulse output from the left 
side of V9 which occurs at an average 960-cycle rate. 
The 960-cycle frequency is an average rate due to the 
fact that its period may vary between 16 and 17 lines, 
depending upon the phase of the 960-cycle pulse with 
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respect to sync. Because the synchroguide pulse is 
locked to incoming sync, the trigger pulse occurs only 
during the horizontal sync period-—thus preventing 
switching transients from appearing in the video 
information. 


The 960-cycle pulse output of V9 is differentiated by 
the network consisting of capacitor C63 and resistor 
R159, producing a positive pip and a negative pip. The 
positive pip is shorted to ground by diode CR8 so that 
only the negative pip, corresponding to the transition 
of V9 from the left side cut off to the left side con- 
ducting, is used to trigger bi-stable multivibrator V14. 


The trigger pulses are fed simultaneously to both 
sides of V14 threugh diodes CR6 and CR7. This causes 
the circuit to act as a binary divider since each trigger 
pulse reverses the conduction state of V14 by cutting 
off whichever side was conducting. Although the 
trigger pulses occur at a 960-cycle rate, each side of 
V14 conducts only 480 times per second. Thus, the 
output of V14 is a 480-cycle pulse which is not quite 
a square-wave because the starting times for successive 
half cycles are altered slightly by the gating action 
of V9. 


A 240-cycle tonewheel pulse, applied to the unit at 
jack J2 and amplified by V13B is fed to the right-hand 
side of V14. (Test point TP2 (240 IN) is provided as 
a convenient point to observe the pulse.) The purpose 
of this pulse is to make certain the right-hand side of 
V14 is cut off during the time video head no. 1 is put- 
ting out a signal, so that the fm gates operate in the 
correct phase. This is important because incorrect phase 
operation of the fm gates causes them to deliver mostly 
noise signals. Normally, the 240-cycle pulse circuit is 
operative only during the start-up period or immedi- 
ately following a severe discontinuity in the tape signal 
(e.g. a bad splice). 

The 480-cycle pulse output of V14 is applied to one 
grid of cathode-coupled phase-splitter V19. Load re- 
sistors R140 and R146, in the plate circuits of V19, are 
slightly unequal to compensate for a small level loss 
due to the cathode coupling. The output pulses of V19, 
equal in amplitude and opposite in polarity, are fed to 
switching drivers “A” and “B” (V23 and V27). These 
tubes are used as cathode followers which provide low 
impedance inputs to the diode gating circuits. Poten- 
tiometers R3 (A-BAL) and R83 (B-BAL) are adjusted 
to set the dc voltage levels for minimum gating tran- 
sients in the final fm output signal (see Maintenance). 


Switching drivers A and B provide switching signals 
which control two fm gating circuits, each circuit con- 
taining three GAL5 double-diodes (V25, V21, V17, and 
V26, V22, V18). The gating diodes (V21 and V22) 
of each gating circuit simultaneously receive switching 


signals of opposite polarity from the switching drivers 
which allow them to conduct or cut them off, according 
to the signal polarity, thereby causing the gating 
diodes to control the switching diodes of their respec- 
tive gates. 

The operation of gating circuit A may be seen by 
considering the period during which one half of gating 
diode V21 receives a positive switching signal at its 
cathode (pin 1), while the other half receives a nega- 
tive signal at its plate (pin 2). In this condition the 
bias voltage on V21 is such that the tube is cut off. 
Switching diodes V25 and V17, connected in parallel, 
form a voltage divider network in conjunction with 
resistors R2 and R4, and because of the fixed voltages 
applied to their plates and cathodes these diodes con- 
duct during the time that gating diode V21 is cut off. 
When the switching diodes are conducting, they pro- 
vide a low impedance path for fm input A to the fm 
amplifier circuit. 


A reversal of polarity of the switching signals will 
change the bias voltage on gating diode V21 so that it 
will be in a conducting state. This in turn alters the 
voltage distribution of the voltage divider network so 
that switching diodes V25 and V17 receive a reverse 
bias voltage which cuts them off, thus preventing the 
passage of fm signal A to the amplifier circuit. 


Gating circuit B operates in a manner identical to 
that of gating circuit A. However, the phase of switch- 
ing signals applied to gating diode V22 is opposite to 
that of the signals applied to gating diode V21, thereby 
causing gating circuit B to close when gating circuit A 
opens and vice versa. FM signals A and B are thus com- 
bined into a single fm output signal which is fed to 
the fm amplification circuit. 


The combined fm signal is amplified by wide-band 
amplifiers ¥12B and V7B which are stabilized by 
cathode degeneration. Cathode followers V21A and 
V7A are used to furnish high impedance loads to the 
stages preceding them, thus minimizing the loading 
effects on these stages. The amplified fm signal is fed 
to equalizer stage V4 which operates for all head 
channels simultaneously, supplementing the action of 
the 4 channel equalizer (unit 105) by compensating 
for the loss of high frequency components of the fm 
signal in the head-to-tape transfer during record and 
playback modes. It should be noted that losses in the 
higher frequency ranges of the fm spectrum are equiva- 
lent to losses in the lower frequencies of the video 
signal or peaking of the higher video frequencies. 
Potentiometer R177 (H. FREQ. COMP), in the plate 
circuit of V4, provides a means of adjusting the magni- 
tude of the high frequency compensation (see Opera- 
tional Adjustments). Variable coil L2, also in the plate 


circuit of V4, is used as a shunt peaking coil and is 
normally adjusted for maximum peaking at 9 mega- 
cycles (see Maintenance). 


FM output stage V1 is a totem-pole type amplifier 
providing some of the characteristics of a push-pull 
amplifier while driving a single-ended output signal. 
The two sections of V1 are driven by signals in phase 
opposition, so that any curvature in the tube char- 
acteristics tends to cancel out, Output impedance 
matching is obtained through the use of 22 ohm re- 
sistor R31. The combined fm output signal is fed from 
jack Jl (FM OUT) to the demodulator and may be 
observed at test point TP1 (FM OUT). 


Synchro guide. The synchroguide circuit is a form of 
automatic frequency control having excellent stability 
and noise immunity. The purpose of this circuit is to 
provide pulses for use in the fm switching and sync 
separation sections of the unit, and to develop the 
guide error signal. 


Blocking oscillator V5B, having a “flywheel” time 
constant somewhat greater than the 16-line head scan- 
ning interval, free-runs at approximately line frequency 
(15.75 kc). Autotransformer T3 provides a positive 
feedback voltage from the plate of V5B to its grid. 
The feedback voltage continues to increase until the 
tube reaches saturation, at which point a very rapid 
decrease in current takes place and the grid voltage is 
driven well below the cutoff level. The stage remains 
cut off until the grid voltage rises above the cutoff 
level at a rate determined by the time constant of the 
RC network in its grid circuit. Transformer T3 is 
tuned, in conjunction with capacitor C88, to obtain 
the required phase and frequency relationships between 
the waveform generated by the synchroguide circuit 
and sync pulses applied to the circuit from cathode 
follower V11A so that optimum oscillator stabilization 
is effected (see Maintenance). It should be noted that 
V5B is not triggered directly, but is controlled by a 
relatively slow acting AFC system so that it cannot be 
triggered at undesired intervals by spurious noise 
signals. 


The plate output signal from V5B is integrated by 
the network consisting of resistor R216 and capacitor 
C90, and fed to pulse advance stage V2B as a distorted 
sawtooth waveform, Delay line DL2, in the cathode 
circuit of V2B, delays the sawto6th signal 1.75 micro- 
seconds before it is fed to cathode follower V2A. 
Separated Sync pulses are fed from V11B in the sync 
separator section of the unit to V11A and are then com- 
bined with the delayed sawtooth signals in the grid 
circuit of W5A. The net effect of delay line DL2 then, 
is to advance separated sync 1.75 microseconds with 
respect to the sawtooth waveform developed in the 


S-7 


plate circuit of V5B. (The sync pulse advance is 
actually required to compensate for sync pulse delay 
occurring in the demodulator and in the sync separa- 
tion section so that fm switching will occur near the 
front edge of sync during the horizontal! sync interval. } 
Both V2A and V2B are operated as cathode followers 
for isolation and impedance matching at either end of 
DL2, V11iA is a current-stabilized cathode follower 
used to isolate the synchroguide circuit from the sync 
separation section. 


Control tube V5A operates as a specialized form of 
phase detector whose purpose is to provide an auto- 
matic frequency control for oscillator V5B. A negative 
bias voltage applied to the grid of V5A allows the tube 
to conduct only during the time a sync pulse, super- 
imposed upon the sawtooth waveform, appears at the 
grid. Normally, the first 25 to 30% of each horizontal 
sync pulse rides near the peak of the sawtooth, while 
the balance of the pulse drops down on the sawtooth 
slope so that it falls below the cutoff level of V5A. As 
the sync pulse shifts up or down on the peak of the 
sawtooth signal, a variation occurs in the magnitude of 
plate current flowing in V5.A. The varying plate cur- 
rent causes a voltage variation in the cathode circuit of 
V5A, which in turn appears at the grid of V5B as a 
change in bias voltage. This alteration of bias voltage 
automatically adjusts the oscillator frequency so that 
the sync pulses will “lock” in proper position at the 
peak of the sawtooth waveform. An RC filter network 
in the cathode circuit of W5A smooths out the pulses 
so that the bias voltage applied to V5B is relatively 
steady. It may be noted that the time constant of the 
filter network is long enough to change the bias voltage 
only on the basis of control information integrated 
over a period of several milliseconds. 


Synchroguide pulses occurring at approximately line 
frequency (15.75 kc) appear in the cathode circuit of 
oscillator V5B.and are fed to pin 3 of relay K1. During 
normal tape recorder operation (fm switching during 
horizontal sync), K1 is unenergized and the synchro- 
guide pulse appearing at pin 3 of K1 is fed directly to 
the grid of pulse amplifier stage V10B. The pulse is 
amplified by V10B and fed as a trigger pulse to bi- 
stable multivibrator V9 (see FM Switching). 


During monochrome rf copy operation of the tape 
recorder, fm switching is. desired during the back-porch 
interval of horizontal blanking. In order to time the 
synchroguide pulse so that switching multivibrator V9 
is triggered at the correct instant, relay K1 is energized 
thus preventing the synchroguide pulse from being fed 
directly to pulse amplifier V10B and allowing it to be 
delayed 3.6 microseconds by delay line DL4. Before 
reaching DL4 however, the pulse is first coupled from 
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oscillator W5B to the cathode of pulse driver stage 
Vi0A by coupling capacitor C40, Delay line DL}, in 
the plate circuit of Vi®A, provides a 1.75 microsecond 
delay so that the pulse, which has been advanced by 
pulse advance stage V2B, will be returned to its 
original position with reference to the video input 
signal. The delayed pulse is then fed to pulse adder 
stage VI5A and output stage V1I5B in turn. The 
amplified pulse output from VI15B is delayed 3.6 
microseconds by DL4 before being fed to pulse ampli- 
fier V1OB. Switching multivibrator V9 then receives 
the amplified pulse which has been sufficiently delayed 
to trigger V9 at the required instant so that fm switch- 
ing on rf copies will be accomplished during the back 


porch interval of sync. 


Both pushout pulses used in the sync separation sec- 
tion of the unit to remove fm switching transients are 
obtained from the synchroguide circuit. One of the 
pushout pulses occurs at a 15.75 ke rate and appears in 
the plate circuit of pulse adder stage VISA after re- 
ceiving a 1.75 microsecond delay from delay line DL1. 
The other pushout pulse occurs at a 960-cycle rate and 
is developed by V28 before being added to the 15.75 
ke pulse in the plate circuit of VI5A. 


The 960-cycle pushout pulse is derived from the out- 
put of switching multivibrator V9 which is applied to 
a differentiating network in the grid circuit of V28A. 
Positive pips resulting from differentiation are clipped 
off by the grid limiting action of V28A while the nega- 
tive pips are converted to a series of rectangular pulses 
by driving the grid of V28A below cutoff. The time 
constant of the differentiating network may be changed 
by varying potentiometer R183 so that the width of the 
rectangular pulse can be adjusted to be slightly nar- 
rower than the horizontal sync pulse width (see Main- 
tenance). Delay line DL3 delays the rectangular pulse 
1.75 microseconds to compensate for the sync pulse 
advance obtained in pulse advance stage V2. The 
delayed rectangular pushout pulse is amplified by 
V28B. 


Separated sync, the 15.75 kc pushout pulse, and the 
960-cycle pushout pulse are added together in the com- 
mon plate circuit of V28B, VISA, and V6A. This 
addition results in pushing the fm switching transients 
below sync tip level. Sync clipper V6B then removes 
the transients along with the pushout pulses (see Syxe 
Separation). Note that during rf copy monochrome 
operation relay KI is energized, thus removing the 
960-cycle pushout pulse which is not required in this 


mode of operation because the early stages of the syne 
separation section eliminate any switching transients 
occurring during the back-porch interval of horizontal 
blanking. 

Guide Error Signal. incorrect guide position will 
cause slight timing errors in the video output signal. 
These timing errors appear as discontinuities at the 
instant of switching from one video head to the next. 
Although the “flywheel” effect of the synchroguide 
oscillator produces a series of average frequency pulses, 
thereby causing line scanning to occur at essentially 
constant frequency, the timing errors in blanking and 
all other signal components cause an effect in the tele- 
vision raster known as “jogging”, “skew”, or the 
“venetian blind effect’. 

A “jog” in the raster results in a sync pulse having a 
varying period appearing at the grid of synchroguide 
control tube V5A. This variation occurs at a 960-cycle 
rate, therefore the width of the sync pulse riding on 
the peak of the sawtooth waveform varies at the same 
rate. Since the tube conducts only during the time a 
sync pulse riding on the peak of the sawtooth wave- 
form appears at the grid, its current is proportional 
to the pulse width and also varies at a 960-cycle rate. 


The circuit consisting of coil L3 and capacitor C80, 
in the plate circuit of W5A, is tuned to 960 cps. The 
voltage developed across the tuned circuit follows the 
tube current variation at 960 cps, and ts fed to trans- 
former T4 as a guide error signal. The error signal is 
then fed to the guide servo chassis from jack J13, pins 
15 and 16, and may be observed at test point TPI5 
(960 ERROR). 


DC Bias Voltage. A dc bias voltage developed in 
the cathode circuit of V13A is supplied to the guide 
servo chassis for automatic control of the guide servo 
system. Whenever the video signal at the demodulator 
output disappears, or drops well below its normal level, 
the bias voltage is no longer present and the guide 
servo reverts to the manual mode of operation. The 
manual mode is more reliable in these instances because 
this mode prevents the servo from being operated by 
only a noise signal input. 


Separated sync pulses from sync clipper stage V 20 
in the sync separation section of the unit are fed to 
cathode follower V13A. Negative-going pulses appear- 
ing in the cathode circuit of V13A are rectified by 
diode CR1, and the resultant negative bias voltage is 
fed to the guide servo from pin 14 of jack J13. Test 
point TP16 (DC BIAS) is provided as a convenient 
point to check the bias voltage. 


OPERATIONAL ADJUSTMENTS 


During the playback mode of operation, the high 
frequency compensation control (H. FREQ. COMP) 
must be adjusted because the frequency response of the 
fm system affects the video frequency response, and 
because the recording heads and system are factors 
affecting the fm response. Since the 2 x 1 switcher fm 
system is in series with the 4 channel equalizer (unit 
105), the settings of the high frequency compensation 
controls of each unit are interdependent. Procedures 
for obtaining the correct frequency compensation dur- 
ing monochrome or color operation of the machine in 


the playback mode are given below. 


Frequency Compensation for Monochrome 
and Color Operation 


1. Place the machine in playback mode. 


2. Set H. FREQ. COMP control on 2 x 1 switcher 


to mid range (5 on the dial). 


3, Press MONITOR DEMOD OUT or MONITOR 
LINE OUT pushbutton on CRO/MON switcher (unit 


307), and observe picture on picture monitor. 


4, Adjust HF COMP controls on 4 channel equalizer 
to eliminate banding between head channels. (Use 


range in vicinity of 3 on the dial.) 


After the above procedure has been followed, video 
frequency response adjustments may be made for either 
monochrome or color operation of the tape recorder by 


the appropriate method below. 


Monochrome Operation. The preferred method of 
obtaining the correct video frequency response during 


monochrome operation of the machine is as follows: 


1. Play back a section of tape containing a multi- 
burst signal. 


2. Press OSCILLOSCOPE LINE OUT pushbutton 
on CRO/MON switcher and observe frequency 


response of waveform on waveform monitor. 


3. Adjust H. FREQ. COMP control on 2 x 1 
switcher for flat frequency response as observed on 
waveform monitor. (Clockwise rotation of the H. 
FREQ. COMP control increases the amplitude of the 


high frequency signal components. ) 
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4. If a satisfactory frequency response cannot be 
obtained in step 3, check to make sure the 4 channel 
equalizer adjustments are properly made to eliminate 
banding between head channels. Readjust the 4 chan- 
nel equalizer controls if necessary, and then adjust the 
H. FREQ. COMP control on the 2 x 1 switcher to 


obtain a flat frequency response. 


If a multiburst signal is not available, the video fre- 
quency response adjustment may be made by an alter- 
nate method while playing back tape containing 


normal monochrome picture content: 


1. Press MONITOR LINE OUT and OSCILLO- 
SCOPE LINE OUT pushbuttons on CRO/MON 


switcher. 


2. Adjust H. FREQ. COMP control on 2 x 1 
switcher to obtain best picture on picture monitor 
(sharp and noise-free), while eliminating observable 
overshoots and noise on the waveform appearing on 


the waveform monitor. 


3. If a satisfactory frequency response cannot be 


obtained in step 2, refer to step 4 above. 


Color Operation. The correct video frequency re- 
sponse may be obtained during color operation of the 
machine by the following method: 


1. Play back a color bar signal and observe chroma 
content on oscilloscope with OSCILLOSCOPE 
DEMOD OUT pushbutton pressed on CRO/MON 


switcher, 


2. Adjust H. FREQ. COMP control on 2 x 1 


switcher for normal chroma level. 


3. If normal chroma level cannot be obtained, refer 
to step 4 under Monochrome Operation, 


An alternate method of obtaining the correct video 
frequency response during color operation of the 
machine may be made while playing back tape contain- 


ing normal color picture content: 


Press OSCILLOSCOPE DEMOD OUT pushbutton 
on CRO/MON switcher and adjust H. FREQ. COMP 
control on 2.x 1 switcher for normal burst amplitude 
on oscilloscope (40 IRE units), or press LINE OUT 
pushbutton on the color monitor switcher and adjust 
H. FREQ. COMP control for normal chroma level as 


observed on the color monitor. 
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MAINTENANCE 


FM Balance 


Adjust the balance controls (A-BAL and B-BAL) 
in the following mannet: 


1, Place machine in wind mode and adjust FOR- 
WARD-REVERSE control so that there is no tape 
motion. 


2. Press pushbutton labeled 2 X 1 OUT on CRO/ 
MON switcher (unit 307) and observe waveform on 
waveform monitor (unit 306). 


3. Adjust A-BAL and B-BAL controls to minimize 
switching spikes. (Coordinated adjustment of these 
controls should cause the spikes to almost disappear. ) 
Figure S-4 shows switching spikes resulting from mis- 
adjustment of the balance controls. 


NOTE: An approximate de balance may be ob- 
tained by alternately connecting a vacuum-tube 
voltmeter to test points TP12 (A-BAL) and TP10 
(B-BAL) while adjusting the balance controls to 
obtain minimum de unbalance. 


Synchroguide 


Correct operation of the synchroguide circuit is de- 
pendent upon the proper phase and frequency adjust- 
ments of transformer T3. An external oscilloscope, 
comparable to the Tektronix Type 535, may be used 
in making the following adjustments: 


1. Place machine in setup mode. 
2. Jumper terminals C and D of transformer T3 


with clip lead (refer to chassis rear view, figure S-19, 
to locate T3). 


3. Connect oscilloscope input probe to test point 
TP13 (SG FREQ.). (Trigger oscilloscope with sync 
obtained at sync output jack J8.) 


Figure S-4. Switching Spikes with Machine in 
WIND and Balance Controls Unbalanced 


4, Adjust frequency slug located on the top of trans- 
former T3 for locking as indicated by waveform in 
figure S-5. (Note that the correct position of the sync 
pulse with respect te the sawtooth waveform is with 
approximately 25% of the sync pulse width appearing 
at the peak of the sawtooth waveform as shown in 
figure S-5B.) 


5. Remove clip lead from terminals C and D of 


transformer T3,. 


6. Connect oscilloscope probe to TP14 (SG 
PHASE) and adjust phase slug, located on the bottom 
of transformer T3 (rear of chassis), for waveform 
having equal amplitude of peaks as shown in figure 
S-6. If necessary, readjust the frequency slug to keep 
the oscillator locked while making the phase adjust- 


ment. 


If transformer T3 cannot be adjusted as outlined 
above, check tubes and components common to the 
synchroguide circuit. Figures S-16D through S-17H 
show typical waveforms in the synchroguide circuit 
which may be useful in trouble-shooting. 


A. Waveform at TP13 


B. Waveform at TP13 Expanded (Horizontal Sweep Rate: 
1 usec/cm) 


Figure §-5. Correct Frequency Adjustment of T3 


Figure S-6. Waveform at TP14 with Correct 
Phase Adjustment of T3 {Note 
Equal Amplitude of Peaks} 


Pushout Pulse Adjustment 

The 960-cycle pushout pulse developed by V28A 
may be varied in width by the adjustment of screw- 
driver control PO PULSE. The procedure for adjusting 
the pushout pulse width, using a Tektronix Type 535 
oscilloscope or equivalent, is outlined below: 


1. Place machine in setup. 


2. Connect oscilloscope input probe to the plate of 
sync adder VGA (pin 1). (Trigger oscilloscope with 
sync from sync output jack J8.) 

3. Adjust PO PULSE control so that the trailing 
edge of the pushout pulse falls 0.4 microsecond before 
the sync pulse trailing edge (figure S-7). (The 960- 
cycle pushout pulse appears as a faint outline in com- 
parison with the 15.75 kc pushout pulse due to its 
relatively low repetition rate.) Also note that the lead- 
ing edge of the 960-cycle pulse appears 0.4 micro- 
second after the sync pulse leading edge. (A slight 
adjustment of the frequency slug located on the top of 
transformer T3 may be necessary to obtain the correct 
waveform.) 


4. Check the PO PULSE adjustment by observing 
that the 15.75 kc pushout pulse falls within the equaliz- 
ing pulse interval and that the 960-cycle pushout pulse 
falls within the horizontal sync interval as shown in 


figure S-7. 


Failure to obtain the correct 960-cycle pushout pulse 
may be due to a defective tube (V28) or associated 
circuit components. Note that the pulse is not present 
in the waveform at VGA, pin 1, when the recorder is 
operated in the monochrome rf copy mode. 


Peaking Coil Adjustment 

Peaking coil L2, in the plate circuit of equalizer stage 
V4, has been adjusted at the factory and should require 
no further adjustment. If the peaking coil or associated 
circuit components must be replaced, it may be neces- 
sary to adjust the coil. Test equipment required in 
making the adjustment consists of the following: 


Figure S-7. 960-Cycle and 15.75 ke Pushout 
Pulses at Plate of V6A (Pin 1) 


1. Wide-band oscilloscope (Tektronix Type 535 or 
equivalent). 

2. Video sweep generator (0 to 10 mc sweep). 

To adjust the coil, follow the procedure below: 

1. Place machine in stop mode. 

2. Connect sweep generator to fm input jack J6, and 
remove gating diode V21. 

3. Adjust sweep generator output for 0.5 volt peak- 
to-peak, 

4. Connect oscilloscope input probe to test point 
TP1 (FM OUT). 

5. Set high frequency compensation control (H. 
FREQ. COMP) at 0. 

6. Adjust peaking coil (above and to the left of H. 
FREQ. COMP control) to obtain a peak at 9 mc 
(figure S-8). 

7. Check frequency response with H. FREQ. COMP 
control at maximum and minimum, and compare with - 
figure S-8. 

If the frequency response curve cannot be obtained 
by the above procedure, check fm amplifiers (V12 and 
V7), equalizer (V4), fm output stage (Vi), and 
associated circuit components, 


Figure S-8. Waveforms Obtained with H. FREQ. 
COMP Control Minimum (Note Peak at 
9 me}, and Maximum. (Frequency Markers 
Range from 0 fo 12 me, Left to Right) 


Figure S-9. Balanced FM Output Signal 
at TP! 


Figure S-10. Waveforms at Cathodes 
(Pin 5) of Gating Diodes VI7, V21I, 
V25 (top}; V18, V22, V26 {bottom] 


FM Output 


The combined fm output signal is shown in figure 
S-9 as it appears at test point TP1 (FM OUT). To 
check the frequency response of the output signal, pro- 
ceed as in steps 1 through 5 of Peaking Coil Adjust- 
meat, with H. FREQ. COMP control maximum (fully 


clockwise). 


The gain of the fm amplifier stages should be greater 
than 4 (2.0 volts peak-to-peak), at 1 mc, and may be 
checked by the above procedure, (It should be possible 
to drive the amplifier to 3.0 volts peak-to-peak output 
without noticeable distortion or compression of the 


output signal.) 


If the fm output signal does not appear at TP1, with 
fm input signals applied to input jacks J6 and J7, 
check for correct waveforms at the common cathodes 
of the gating diodes (figure S-10). If the correct wave- 
forms are present, isolate the trouble by a point-to- 
point check of the succeeding amplifier stages, utilizing 


Figure S-11. Composite Video 
Input Signal 
at TP6 


typical waveforms shown in figures S-15H through 
S-16C and voltages indicated in the Voltage Table 
adjacent to the schematic diagram (figure S-20). If 
the correct waveforms do not appear at the cathodes 
of the gating diodes, check switching driver stages A 
and B (V23 and V27). Improper operation of these 
stages may necessitate signal-tracing back through 
multivibrator stages V14 and V9. Since correct multi- 
vibrator operation is dependent upon the 960-cycle 
and synchroguide pulse timing, it may also be neces- 
sary to check the 960-cycle input and synchroguide 


stages, 


Syne Separation 


The video input signal applied to input jack J1@ is 
shown in figure $-11 as it appears at test point TP6 
(VIDEO IN). The separated sync output may be 
observed at test point TP4 (SYNC OUT), and should 


have an amplitude of 4 + .5 volts. 


A. Excessive Guide Pressure of 1 mil. 


B. Deficient Guide Pressure of 1 mil. 


Figure S-12. Guide Servo 


If the correct sync pulse output does not appear at 
TP4, isolate the trouble by a point-to-point check of 
each stage in the sync separation section, utilizing 
typical waveforms shown in figures S-13A through 
S-13H and voltages indicated in the Voltage Table 
adjacent to the schematic diagram (figure S-20). 


Guide Servo Error Signal and DC Bias 


The 960-cycle error signal is fed to the guide servo 
(unit 506) from jack J13, pins 15 and 16. Test point 
TP15 (960 ERROR) may be utilized in observing the 
error signal which should have an amplitude of ap- 
preximately 75 millivolts for a 1 mil error in guide 
position and should occur at a 960-cycle rate (figure 
S-12). If the error signal is not apparent at TP15, 
check tube V5, transformer T4, and the 960-cycle tuned 


circuit consisting of coil L3 and capacitor C80. 


The dc bias voltage is fed to the guide servo from 


C. Correct Guide Pressure (Zero Error). 


Error Signal at TP15 


jack J13, pin 14 (pin 13 is ground), and may be 
observed at test point TP16 (DC BIAS). If the bias 
voltage is not present, check to make sure the video 
input signal level is approximately 1 volt peak-to-peak. 
If the normal video input signal is present, check video 
amplifier V24, sync clipper V20, cathode follower V13, 
and associated circuit components. 


General 


Figures S-13 through S-18 show typical waveforms 
obtained throughout the unit, with amplitudes and 
oscilloscope horizontal sweep-rates indicated. The 
waveforms were obtained with a Tektronix Type 535 
oscilloscope. 


The Voltage Table, located adjacent to. the schematic 
diagram (figure S-20), indicates typical tube-socket 
voltages with respect to ground, obtained with a 
vacuum-tube voltmeter. All voltages are dc unless 
otherwise specified, 
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A. 424 Pius 2, 9 (20 volts/cm; 10 usec/em) B. V20 Pin 3 (10 vol#s/cm; 10 usec/em) 


C. V20 Pin 9 (10 volts/cm; 10 usec/em) D. V16 Pin 8 (10 volts/cm; 10 usec/cm) 


E. V6 Pin 2 (10 volts/cm; 10 usec/cm) F. V6 Pin 1 (20 volts/em; 10 usec/cm) 


G. V6 Pin & (20 volts/cm; 10 usec/em) H. TP4 (2 volts/cem; 10 usec/cm) 


Figure $-13. Typical Waveforms 


A. TP2 (top); TP3 (bottom). (2 volts/cm; B. V8 Pins 2, 5, 6 (20 volts/cm; 200 usec/cm) 
500 usec/cm) 


C. V9 Pin 1 (top); V9 Pin 6 (bottom). D. V9 Pin 7 (10 volts/cm; 200 usec/cm) 
(50 volts/cm; 200 usec/cm) 


E. CR8 (0.5 volt/cm; 200 usec/cm) F. V14 Pin 7 (10 volts/cm; 500 usec/cm) 


G. V14 Pin 1 (top); V14 Pin 6 (bottom). H. V14 Pin 2 (10 volts/cm; 500 usec/cm) 
(50 volts/cm; 500 usec/cm) 


Figure S-14. Typical Waveforms 


A. V9 Pin 7 (5 volts/cm; 500 usec/em)} B. V19 Pins 3, 6 (2 volts/cm; 500 usec/cm) 


C. V19 Pin 9 (top); V19 Pin 1 (bottom). D. V27 Pin 3 (top); V27 Pin 6 (bottom). 
(20 volts/cm; 500 usec/cm) 


E. V23 Pin 6 (top); V23 Pin 3 (bottom). F. TP7 (top); TP8 (bottom). (0.5 volt/cm; 
(20 volts/cm; 500 usec/cm) 500 usec/cm) 


G. V17 Pin 7 (top); V18 Pin 7 (bottom). H. V12 Pin 2 (0.5 volt/cm; 500 usec/em) 
(10 volts/em; 500 usec/cm) 


Figure S-15. Typical Waveforms 
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A. V7 Pin 2 (0.5 volt/cm; 500 usec/cm) B. V4 Pins 2, 9 (0.5 volt/em; 500 usec/em) 


C. TP1 (0.5 volt/em; 500 usec/cm) D. V11 Pin 2 (10 volts/em; 10 usec/em) 


— 
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E. V2 Pin 8 (20 volts/cm; 10 usec/em) F. V2 Pin 3 (top); V2 Pin 7 (bottom). 
(20 volts/cm; 10 usec/cm) 


G. V2 Pin 2 (50 volts/cm; 10 usec/cem) H. TPT3 (10 volts/cm; 10 usee/cm) 


Figure S-16. Typical Waveforms 
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A. TP13 (20 volts/em: 1 usec/em) B. V5 Pin 7 (100 volts/cm; 10 usec/cm) 


C. TP14 (50 volts/cm; 10 usec/em) D. V10 Pin 7, Normal Mode (5 volts/cm; 
10 usec/cm) 


E. V10 Pin 7, RF Copy Mode (5 volts/cm; F. V15 Pin 8 (top); V10 Pin 1 (bottom). 
10 usec/cm) (10 volts/cm; 10 usec/cem) 


G. V15 Pin 2, RF Copy Mode (2 volts/cm; H. V10 Pin 7 (10 volts/cm; 10 usec/cm), (top). 
10 usec/cm) V15 Pin 1 (5 volts/cm; 10 usec/cm), 
(bottom). 


Figure S-17. Typical Waveforms 


A. V13 Pin 2 (10 volts/cm; 10 usec/cm) B. V13 Pin 3 (10 volts/em; 10 usec/cm) 


C. V28 Pin 2 (10 volts/em; 200 usec/cm) D. V28 Pin 1, 960 Trigger (10 volts/cm:; 


200 usec/cm), (top). 
V28 Pin 7, 960 Trigger (10 volts/cm; 
200 usec/cm), (bottom). 


E. V28 Pin 1, Syne Trigger (10 volts/cm; 
10 usec/cm)}, (top). 
V28 Pin 7, Syne Trigger (10 volts/cm; 
10 usec/em), (bottom). 


Figure S-18. Typical Waveforms 
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Figure S-19. Rear View of 2 x 1 Switcher 


~ “Symbol No. 


i CAPACITORS: 
Cl 8811182-5 


ceramic, 10,000 wef -20 +100%, 450 v 
C2 ,C3 727851-23 mica, 100 wuf +20%, 500 v char “RB” 
C4, C5 8811182-5 ceramic, 10,000 puf -20 +100%, 450 v 
C6 727851-23 mica, 100 puf +20%, 500 v char ‘*B” 
C7A/D 98408 458558-5 electrolytic, 20/20/20/20 uf -10 +50%, 450 ¥ 
C8 8811182-5 ceramic, 10,000 puf ~20 +100%, 450 v 
C9 727851-23 mica, 100 wuf £20%, 500 v char ‘*B” 
C10 727856-1 mica, 5 puf +20%, 500 v char ‘*B” 
Cli 727851-23 mica, 100 zywf +20%, 500 v char ‘‘B” 
C12 735715-175 paper, 0.1 wf +10%, 400 v 
C13,Ci4 8811182-5 ceramic, 10,000 wef ~20 +100%, 450 ¥ 
C15 207187 737863- 337 paper, l wf +10%, 400 v 
C16, C17 8811182-5 ceramic, 10,000 puf ~20 +100%, 450 v 
C18 735715-175 paper, 0.1 wf +10%, 400 v 
C19A/B 99295 458557-5 electrolytic, 20/20 pf -10 +50%, 450 v 
C20 8811182-5 ceramic, 10,000 wwf -20 +100%, 450 v 
C21. 204403 458557-6 electrolytic, 1000 pf -10 +40%, 15 v 
C22 735715-175 paper, 0.1 wf +10%, 400 v 
C23 8811182-5 ceramic, 10,000 uwuf -20 +100%, 450 v 
C24A,B 218128 8971848-10 ceramic, 0.005/0.005 puf -20 +80%, 150 v 
C25 to C28 735715-175 paper, 0.1 wf +10%, 400 v 
C29A/D 98408 458558-5 electrolytic, 20/20/20/20 uf -10 +50%, 450 v 
C30 to C32 735715-175 paper, 0.1 wf +10%, 400 v 
C33A/D 98408 458558-5 electrolytic, 20/20/20/20 pf -10 +50%, 450 v 
C34 210286 458558-26 electrolytic, 500 wf -10 +100%, 50 v 
C35 95914 458558-1 electrolytic, 125 wf -10 +50%, 350 v 
C36 ,C37 8811182-5 ceramic, 10,000 wuf -20 +100%, 450 v 
C38 727851-23 mica, 100 puf +20%, 500 v char “B” 
C39 Not Used 
C40 to C42 735715-175 paper, 0.1 wf £10%, 400 v 
C43 735715-83 paper, 0.47 wf +10%, 200 v 
C44, C45 735715-163 paper, 0.01 wf +10%, 400 v 
C46 735715-75 paper, 0.1 wf +10%, 200 v 
C47 to C49 8811182-5 ceramic, 10,000 wef -~20 +100%, 450 v 
C50A,B,C51A,B 99295 458557-5 electrolytic, 20/20 wf -10 +50%, 450 v 
C52 8811182-5 ceramic, 10,000 puf -20 +100%, 450 v 
C53 735715-179 paper, 0.22 wf £10%, 400 v 
C54 to C57 735715-175 paper, 0.1 wf +10%, 400 v 
C58 8811182-5 ceramic, 10,000 uuf -20 +100%, 450 v 
C59 727853-109 mica, 27 pf +10%, 500 v char ‘D” 
C60 8811182-5 ceramic, 10,000 puf -20 +100%, 450 v 
C61 727853-109 mica, 27 guf +10%, 500 v char D” 
C62 8811182-5 ceramic, 10,000 puf -20 +100%, 450 v 
C63 727856-123 mica, lOO puf £10%, 500 v char “B” 
C64 727853-109 mica, 27 wuf +10%, 500 v char “SD” 
Cée5 8811182-5 ceramic, 10,000 puf -~20 +100%; 450 v 
C66 727853-109 mica, 27 wef +10%, 500 v char ‘*D” 
C67 8811182-5 ceramic, 10,000 puf -20 +100%, 450 ¥ 
C68 727866-147 mica, 1000 puef +20%, 500 v char ‘*B” 
C69 Not Used 
C70A/D 98408 458558-5 electrolytic, 20/20/20/20 wf -10 +50%, 450 v 
C71 Not Used 
C72 735715-175 paper, 0.1 nf +10%, 400 v 
C73 to C75 8811182-5 ceramic, 10,000 wuf -20 +100%, 450 v 
C76 735715-175 paper, 0.1 wf +10%, 400 v 
C77 8811182-5 ceramic, 10,000 puf -~20 +100%, 450 v 
C78 Not Used 
C79 735715-179 paper, 0.22 uf +10%, 400 v 
C80A/D 98408 458558-5 electrolytic, 20/20/20/20 uf -10 +50%, 450 v 
C81 727866-147 mica, 1000 puf +20%, 500 v char ‘“‘B” 
C82 95624 737818-96 paper, 0.47 nf +10%, 400 v 
C83 727856-121 mica, 82 uwuf +10%, 500 v char ‘‘RB” 
C84 735715-171 paper, 0.047 uf 410%, 400 v 


C85 

C86 

C87 

C88 

C89 

C90 

C91 

C92 

C93 

C94 

C95 

C96 to C99 
C100 

C101 

C102 

C103 

C104 

C105 

CRI 

CR2 

CR3 to CR5 
CR6 to CR8 
CR9 to CRI] 
CR12 

DLI to DL3 
DL4 

DS1 

Fl 

Jl to J8 
J9 

J10,J11 
J12 


Pl to P4 


P8 to Pll 


P12 
P13 


Rl 
R2 
R3 
R4 
R5 
R6 
R7 
R8 
R9, R10 
R11 
R12 
R13 


"Symbol No. : 


95624 


223081 


99657 
95624 


91391 


219245 
99483 


99483 


219245 
218103 
222966 
101857 
98682 


518 


518 
516 


0 


0 
4 


99165 

222967 
209148 
210530 
218141 


215661 
54246 
210715 


215661 


215661 
54246 
5.1607 
99213 


53658 
206064 
53658 


59926 


| 737818-96 
»8811182-5 
| 984663-22 
1 993026-485 
| 8811182-5 


737818-81 
737818 -96 
8811182-5 
727851-135 


| 727856-121 


8811182-5 
735715-175 
727856-102 
735715-175 
442901-74 
735715-79 
8811182-5 


8928790-12 
8928790-17 
872291-9 
8851771-18 
255223-2 


255223-2 
727969-3 
727969-26 
8520402-1 
8825473-501 
476933-4 
8973781-1 


252868- 1 
893648-2 
8909771-501 


252868- 1 
8979037-1 
8979036-3 


252868-1 
893648-2 
727969-4 
727969-27 


82283-140 
458572-84 
8971860-10 
458572-84 
82283-74 
82283-142 
99126-79 
90496-82 
8 2283-50 
82283-74 
458572-73 
82283-58 


| ceramic, 


F ceramic, 


paper, 0.47 «wf £10%, 400 v 
10,000 gf ~20 +100%, 


450 ¥ 
270 puf £5%, 1000 v char “DD” 


mica, 
mica, 10,000 wuf +5%, 500 v char ‘F” 
10,000 puef -20 +100%, 450 v 
paper, 0.001 wt #10%, 400 v 

paper, 0.47 wf +10%, 400 v 


ceramic, 10,000 uwuf -20 +100%, 450 v 
mica, 330 puf +10%, 500 v char ‘'B” 
Not Used 


mica, 82 wuf +10%, 500 v char ‘*B” 
ceramic, 10,000 puf -20 +100%, 450 v 
paper, 0.1 wf +10%, 400 v 

mica, 10 puf +10%, 500 v char B” 
paper, 0.1 wf +10%, 400 v 
electrolytic, 10 wf 450 v 


paper, 0.22 wf +10%, 200 v 
ceramic, 10,000 puf -~20 +100%, 450 v 
Diode: type IN2071 

Diode: type IN54A 

Not Used 

Diode: type IN54A 

Not Used 

Diode: type 1N2071 

Line: delay, 1.75 microseconds 
Line: delay, 3.60 microseconds 
Lamp: indicating 

Fuse: 1.5 amps 125 v slo-blo 
Connector: coax 

Not Used 

Connector: coax 


Connector: male, 6 contact 


Connector: female, 4 contact 
Relay 
Coil: 2 microhenry 


Coil: peaking, 9/18 microhenry 
Coil: torroid, 60 microhenry 
Connector: coax, cable mtg. 
Connector - only 
Adapter - solder type 
Termination: coax 
Connector: coax, cable mtg. 
Connector - only 
Adapter 
Sleeve 
Connector: coax, cable mtg. 
Connector - only 
Adapter - solder type 
Connector: female, 6 contact 
Connector: male, 4 contact 


RESISTORS: 

Fixed, Composition - unless otherwise specified 
160 ohms, +5%, %w 

wire wound, 15,000 ohms, +5%, 5 w 

variable, 10,000 ohms, +10%, 2 w 

wire wound, 15,000 ohms, +5%, 5 w 

10,000 ohms, +10%, % w 

200 ohms, +5%, % w 

27,000 ohms, +10%, 2 w 

47,000 ohms, +10%, 1 w 

100 ohms, +10%, %w 

10,000 ohms, +10%, % w 

wire wound, 700 
470 ohms, +10%, %w 


Ri4 
RL5 
Ri6 
Ri7 
R18 


R19, 


R21 
R22 
R23 
R24 
R25 
R26 
R27 


Symbol No. 


R20 


R28, R29 


R30 
R31 
R32 
R33 
R34 
R35 
R36 
R37 
R38 
R39 
R40 
R41 
R42 
R43 
R44 
R45 
R46 


R47, R48 


R49 
R50 
R51 
R52 
R53 
R54 
R55 
R56 
R57 
R58 
R59 
R60 
Rol 
R62 
R63 
R64 
R65 
R66 
R67 
R68 
R69 
R70 
R71 
R72 
R73 


R74, R75 


R76 
R77 
R80 
R81 
R82 
R83 
R84 


to R79 


Description 


“Stock Now [Drawing No 


82283-48 
| 82283-86 
; 82283-142 
99126-79 
90496-82 
82283-50 
82283-86 
59926 | 458572-73 
82283-58 
82283-48 
82283-94 
82283-50 
82283-51 
82283-55 
82283-94 
82283-42 
82283-62 
8 2283-90 
99126-79 
82283-142 
90496-82 
82283-52 
82283-90 
59926 458572-73 
8 2283-53 
82283-98 
82283-52 


8 2283-94 
99126-82 
90496-62 
82283-52 
82283-53 
99126-70 
99126-67 
82283-94 
82283-66 
82283-178 
82283-152 
90496-76 
82283-94 
82283-52 
8 2283-60 
82283-70 
8 2283-52 
82283-94 
82283-61 
99126-74 
90496-70 
82283-62 
82283-50 
90496-84 
8 2283-98 
82283-67 
8 2283-98 
90496-71 
99126-84 
82283-52 
82283-94 
99126-62 
82283-52 
82283-140 
53658 458572-84 
205064 8971860-10 
53658 458572-84 


68 ohms, £10%, 4% w 
100,000 ohms, 410%, % w 
200 ohms, +5%, % w 
27,000 ohms, +10%, 2 
47,000 ohms, +10%, 1 
100 ohms, +10%, % w 
100,000 ohms, +10%, % w 

wire wound, 7000 ohms, +5%, 5 w 
470 ohms, +10%, % w 

68 ohms, +10%, % w 

470,000 ohms, +10%, % w 

100 ohms, +10%, % w 

120 ohms, +10%, % w 

270 ohms, £+10%, % w 

470,000 ohms, +10%, % w 

22 ohms, +10%, 4% w 

1000 ohms, +10%, % w 

220,000 ohms, +10%, % w 

27,000 ohms, +10%, 2 w 

200 ohms, +5%, % w 

47,000 ohms, +10%, 1 w 

150 ohms, +10%, % w 

220,000 ohms, +10%, %w 

wire wound, 7000 ohms, +5%, 5 w 
180 ohms, +10%, 4% w 

1 meg +10%, % w 

150 ohms, +10%, % w 

Not Used 

470,000 ohms, +10%, % w 

47,000 ohms, +10%, 2 w 

1000 ohms, +10%, 1 w 

150 ohms, +10%, % w 

180 ohms, +10%, % w 

4700 ohms, +10%, 2 w 

2700 ohms, +10%, 2 w 

470,000 ohms, +10%, % w 

2200 ohms, +10%, % w 

6200 ohms, +5%, % w 


WwW 
Ww 


510 ohms, +£5%, %w 


15,000 ohms, +10%, 1 w 
470,000 ohms, +10%, % w 
150 ohms, +10%, % w 
680 ohms, +10%, % w 
4790 shms, t10%, % 
150 ohms, +10%, % w 
470,000 ohms, 110%, % w 

820 ohms, +10%, 4% w 

10,000 ohms, +10%, 2 w 

4700 ohms, +10%, lw 

1000 ohms, +10%, % w 

100 ohms, +10%, 4% w 

68,000 ohms, +10%, 1 w 

1 meg +10%, %w 

2700 ohms, +10%, % w 

1 meg +10%, 4%w 

5600 ohms, +10%, 1 w 

68,000 ohms, +10%, 2 w 

150 ohms, +£10%, % w 

470,000 ohms, +10%, 4% w 

1000 ohms, +10%, 2 w 

150 ohms, +10%, % w 

160 ohms, +5%, % w 

wire wound, 15,000 ohms, +5%, 5 
variable, 10,000 ohms, +10%, 2 w 
wire wound, 15,000 ohms, +5%, 5 


W 


S-23 


$-24 


“Symbol No. 


R85 
R86 
R87 
R88 
R89 
R90 
ROL 
R92 
R93 
R94, R95 
R96 

R97 

R98 

R99 
RLOO 
RLOL 
R102 
R103, R104 
RLO5 

R106 

R107, RLO8 
R109 

R110 

RI11 

R112 

R113 

R114 

R115 

R116 

R117, R118 
RLL9 

R120 

R121 

R122 

R123 

R124 to R129 
R130 

R131 

R132 
R133,R134 
R135 

R136 

R137 

Ri38 

R139 

R140 

R141 

R142 

R143 

R144 

R145 

R146 
R147 
R148 
R149 
R150 
R151 
R152 
R153 
R154 
R155 
R156 
R157 
R158 
R159 


59926 


59926 


59926 


45258 


82283-86 
82283-59 


| 82283-70 


82283-223 
90496-91 
99126-70 
82283-94 
82283-52 


82283-66 


90496-91 
82283-52 
82283-94 
90496-199 
90496-198 
82283-50 
82283-94 
458572-73 
82283-50 
82283-94 
458572-73 
90496-50 
82283-89 


82283-86 
458572-73 
82283-93 
90496-170 
82283-74 
90496-83 
82283-150 
82283-52 
99126-83 


82283-54 
82283-50 
82283-94 
82283-50 
458572-73 
82283-50 
90496-198 
458572-73 
82283-94 
90496-159 
90496-199 
82283-94 
82283-54 
82283-94 
458572-62 
82283-158 
82283-52 
82283-202 
82283-68 
8 2283-202 
82283-161 
99126-175 
99126-184 
82283-74 
82283-202 
82283-161 
99126-175 
82283-202 
82283-64 


aS 
~ 
c 


1470,000 ohms, 


00 ehms, +10%, % w 
hms, +10%, 
0 ohms, t10%, 
Used 


vw 
Aw 


Ww 


un 
a 
c 
e 


+5%, 4 w 
000 ohms, +10%, 1 w 
ohms, +10%, 2 w 
000 ohms, +10%, % w 
ohms, +#10%, % w 
Not Used 
ohms, 
Not Used 
0 ohms, +10%, 1 w 
ohms, +10%, % w 
,000 ohms, +10%, % w 
,000 ohms, 45%, 1 w 
,0 ohms, +5%, % w 
0 ohms, +10%, % w 
00 ohms, +10%, 
wound, 7000 ohms, 
ohms, +10%, % w 
0 ohms, +10%, % w 
ound, 7000 ohms, 
ohms, +10%, 1 w 
0, ohms, +10%, 
t Used 


— Bp 
NAN 
c 
ox = 


— 
on 


+10%, % w 


FPP BS 
wan 


Aw 


oN 
¢ 


K 
ae] 
o 


oN 
¢ 
¢ 
fe 


KB 
o 
= 


yw 


ow 


ohms, +10%, % w 
7000 ohms, 
Mow 


re wound, 
000 ohms, +10%, 
ohms, +5%, lw 
ohms, +10%, 
00 ohms, +10%, 
430 ohms, +5%, % w 

ohms, +10%, %& w 
56,000 ohms, +10%, 2 w 
Not Used 
220 ohms, +10%, % w 
ohms, +10%, % w 
00 ohms, +10%, 
ohms, +10%, % w 
wire wound, 7000 ohms, 
ohms, +10%, %& w 
43,000 ohms, 
wire wound, 
470,000 ohms, 
1000 ohms, +5%, 
47,000 ohms, +5%, 1 w 
470,000 ohms, +10%, % w 
ohms, +10%, % w 
470,000 ohms +10%, % w 
3000 ohms, 
Yow 


Nom nm 


c 
c 


FPwWwwErR ABAreHe ts Prt 


Yow 
lw 


wn 
a 


470, Aw 


wire wound, 
910 ohms, +5%, 
150 ohms, +10%, % w 
62,000 ohms, +5%, %w 
3300 ohms, +10%, % w 
62,000 ohms, +5%, 4% w 
ohms, +10%, % w 
ohms, +5%, 2 w 
11,000 ohms, +5%, 2 w 
10,000 ohms, +10%, % w 
62,000 ohms, +5%, 4% w 
ohms, +10%, % w 
ohms, +5%, 2 w 
62,000 ohms, +5%, % w 
ohms, +10%, % w 


+5%, 


45% 


Ay 


+5%, 


t5%, 


+5%, 


5 


Ww 


5 w 


5 


5 


Ww 


Ww 


Symbol No. 
R160 
Rie! 
R162 
R163 
R164 
R165 
R166 
R167 
R168 
R169 
R170 
R171 
R172 
R173 
R174 
R175 
R176 
R177 
R178, R179 
R180 
R181 
R182 
R183 
R184, R185 
R186 
R187 
R188 
R189 
R190 
R191 
R192 
R193 
R194 
R195 
R196 
R197 
R198 
R199 
R200 to R206 
R207 
R208 
R209 
R210 
R211 
R212 
R213 
R214 
R215 
R216 
R217 
R218 
R219 to R225 
R226 
R227 


T4 

TP1l to TP4 
TP5 

TP6 to TP16 
XADS 


| 219822 


| 219822 


219822 


219884 


213205 


206913 


212133 


45354 


95539 
76440 
218143 
208983 


208983 
208080 


990189-409 


| 990389-409 


99126-71 
99126-184 
99126-71 
990189-409 


990189-405 


82283-86 
8 2283-50 
99126-79 
993008-92 


8 2283-46 
82283-50 
8971860-6 
82283-86 
82283-68 
99126-74 
82283-94 
8971860-120 
90496-170 
82.283-98 
82283-66 
458572-77 
82283-128 
82283-62 
82283-68 
82283-217 
82283-86 
82283-183 
82283-74 
90496-170 
82283-54 
99126-74 
82283-66 


82283-61 
82283-74 
99126-74 
90496-70 
82283-92 
82283-97 
90496-85 
90496-88 
82283-69 
90496-81 
90496-210 
82283-201 


99126-74 
82283-170 
82283-84 
82283-94 
99126-66 
82283-94 
443975-3 
177816-1 
8439025-1 
8825493-7 


8825493-7 
990788- 507 


Ww 
i 270,000 ohms, £+5%, 4% w 
% 


feiveds film. 12,100 ohms, 21%: 
pNet Used 
ifixed, film, 12,100 ohms, £1%, 


5600 ohms, #10%, 2 w 

11,000 ohms, +5%, 2 w 

5600 ohms, +10%, 2 w 

fixed, film, 12,100 ohms, 41%, 
Not Used 

fixed, film, 11,000 ohms, 41%, 
Not Used 

100,000 ohms, +10%, % w 

100 ohms, +10%, % w 

27,000 ohms, +10%, 2 w 

wire wound, 3500 ohms, +5%, 10 
Not Used 

47 ohms, +10%, % w 

100 ohms, +10%, 4% w 

variable, 1000 ohms, +10%, 2 w 
100,000 ohms, +10%, % w 

3300 ohms, +10%, %w 

10,000 ohms, +10%, 2 w 

470,000 ohms, +10%, % w 
variable, 2.5 meg +20%, 2 w 
3000 ohms, +5%, 1 w 

1 meg 410%, 4% w 

2200 ohms, +1%, ’%w 

wire wound, 10,000 ohms, +5%, 
51 ohms, +5%, %w 
1000 ohms, +10%, % 
33 ohms, +10%, % 


= 


100,000 ohms, +5%, 
10,000 ohms, +5%, % w 
10,000 ohms, +10%, %w 
3000 ohms, £5%, 1 w 

220 ohms, +10%, %w 
10,000 ohms, +10%, 2 w 
22 ohms, +10%, % w 
Not Used 

820 ohms, +10%, 4%w 
10,000 ohms, +10%, % w 
10,000 ohms, +10%, 2 w 
47 ohms, +10%, 1 w 
330,000 ohms, +10%, % w 
820,000 ohms, +10%, % w 
82,000 ohms, +10%, 1 w 
150,000 ohms, +10%, 1 w 
3900 ohms, +10%, % w 
39,000 ohms, +10%, 1 w 
130,000 ohms, +5%, 1 w 
56,000 ohms, +5%, %w 
Not Used 

10,000 ohms, +10%, 2 w 
3000 ohms, +5%, %w 
68,000 ohms, +10%, % w 
470,000 ohms, +10%, % w 
2200 ohms, +10%, 2 w 
470,000 ohms, +10%, 4% w 
Transformer: filament 
Transformer: hor. osc. 
Transformer: audio 
Jack: tip, yellow 

Not Used 

Jack: tip, yellow 
Lens: clear 


Ww 


5 w 


2 


wi 


XDS 
XF] 

XKL 

XVI te XV7 
XVB 

XV9 to XV16 
XVIT7, XV18 
XV19, XV20 
XV21, XV22 
XV23, XV24 
XV25, XV26 
XV27, XV28 


Symbol Ne: 


[sick Re] 


208458 
48894 
222968 
94926 
94925 
94926 
94925 
94926 
94925 
94926 
94925 
94926 


212940 
30075 
99244 
211776 
219282 
97821 


73787 


Drawing No. 


»990789-5 
, 99088 - 
185204 


2 
3-1 
-14 


737867-14 


73787 


-14 


737867-14 


73787 


-14 


737867-14 


73787 


14 


737867-14 


T3787 


-14 


8905470-1 


712336-507 


8849946 -1 
8905465-6 
486041-7 

486041-10 


Helder: lamp 
j;Holder: fuse 


Secket: relay 
Socket: tube, 
Socket; tube, 
Socket: tube, 
Socket: tube, 
Socket: tube, 
Socket: tube, 
Socket: tube, 
Socket: tube, 
Socket: tube, 


Miscellaneeus: 


Dial: calibrated, 


Knob: black 
Knob: red 


wonononrwonrnrwo 


pin 
pin 
pin 
pin 
pin 
pin 
pin 
pin 
pin 


Pointer: for R177 


Terminal: stand-off, 


Bescription 


for R177 


4-40 tap 


Terminal: stand-off 4-40 tap 


Vi 


VOLTAGE TABLE} 


Pin Number 


+ Typical (+10%) dc voltage-to-ground measurements at the tube-socket terminals using a vacuum-tube voltmeter. 
* 6,3 volts ac between pin 8 and either of pins 4 or 5. 
** 6.3 volts ac between pin 9 and either of pins 4 or 5. 

*% 6.3 volts ac between pins 4 and 5, 

**%% 6,3 volts ac between pins 3 and 4, 
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PARTS LIST 


RACK #4 (8975564-503 ) 13 bit ys AG bie Seite 404-¥5-10 
INPUT? 3 Sa rca 40%-J2-7 eee 
F 410-uI-C 
4TB1, 4TB2 449691-5 Board: terminal anemia 
RED 4722-8 
47B2-7 
ita7w ASS 4oA-J9-7 
P 4 404- -J9-8 
INPUT ee ee ATEN 
409-uvi-B ATBI-@ 
RED ATB2"- 8 
i 4782-2 
[| 404- 35-9 
4Te2 , Te 2———~ 424- JS-V1 
Dc. FEED ((4280)S5TB2! RED ti —— 404 -49-10 
ie (GND) STB2-2 Bis ra | : 404 -J9-12 
RAcK S&S = T/RE/ eB 8 eReo/p L_| 
(-ISOV) STB2-B— NN fey Se eee 
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Bi) -327-B —werZoan/apar 7 ee peed om 4o7-yis-2 = 402-JB-1 ee 
Z@M POWER 2782 -s —BEb___74- = 402,-sb-2 CONTROL 4°03-J>3-I - eats 
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Figure SA-1. Servo Power Amplifier 


TECHNICAL DATA 


Power 


Input: 117 volts, 50/60 cycles, 200 watts maximum. 
(Input power for Capstan Power Amplifiers is 
obtained from circuit breaker #2.) 

(Input power for Headwheel Power Ampli- 
fiers is obtained from circuit breaker #5.) 


Output: 70 watts (maximum) 


Frequency Response 
40 to 2500 cycles 


Input Impedance 
470,000 ohms 


Output Impedance 


Capstan Servo: 136 ohms 
Headwheel Servo: 72 ohms, C.T. 


Tube and Rectifier Complement 


(2) 6201 
(2) 6550 
(2) OD-3 


(1) 1Ns38 
(1) CR1 (Rectifier: Selenium) 
(1) S5019 (Rectifier: Silicon) 


DESCRIPTION 


The Servo Power Amplifiers (figure SA-1) amplify 
the output signal of the capstan or headwheel servo 
unit and deliver the required power to drive the 
motors. 


In the capstan servo system, two power amplifiers 
(units 402, 403) are used to supply the two-phase 
power to the capstan motor. In the headwheel servo 
system, two-phase power from two amplifiers (units 
502, 503) is converted by a Scott transformer .connec- 
tion to three-phase power to drive the headwheel 
motor. Each amplifier has a self-contained power 


supply. 


Circuit 

Amplifier—The servo power amplifier (refer to the 
schematic diagram figure SA-5) is a four stage r-c 
coupled amplifier of controlled frequency response 
(40 to 2500 cps) having negative feedback and good 
regulation. The input signal from the servo unit is 
applied to the voltage amplifier stage V1A. Amplifier 
stage V1A is stabilized by the degenerative feedback 
resulting from the unbypassed cathode resistor R2. 
Stage V1B is a phase splitter that delivers out-of-phase 
signal voltages to stages V2A and V2B. Stages V2A 
and V2B amplify the signal to a level to drive the 
power amplifier stages V3 and V4 that are connected 
in push-pull, Balance potentiometer R10, connected 
between the grids of stages V2A and V2B, is used to 
balance the a-c signals applied to the power amplifier 
stages V3 and V4. The d-c operating points of tubes 
V3 and V4 are set by the bias adjustment potentiom- 
eters R28 and R29 in the grid circuits. The bias 
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potentiometers are adjusted to give 25 milliamperes 
of cathode current for each tube under quiescent 
conditions, i.e, with no input signal applied. Trans- 
former T3 is driven in push-pull by the plates of 
tubes V3 and V4. The amplifier is stabilized by 
means of negative feedback through the network con- 
sisting of resistor R16 and capacitor C5 from the 
plate of tube V3 to the cathode of V2A. A similar 
feedback path exists between the plate of V4 and the 
cathode of V2B through R17 and capacitor C6. 


Capstan Motor Connection—An internal jumper 
wire between pins 6 and 7 of cable plug P3, on each 
capstan power amplifier (units 401, 402), provides 
an output impedance of 136 ohms for each amplifier. 
This impedance is selected so that the correct voltages 
are obtained for driving the two phases of the capstan 
motor, while maintaining sufficiently low source im- 
pedance for good servo action. Power factor correction 
is obtained by placing a capacitor across each phase 
at the tape transport panel. 


Headwheel Motor Connection — The conversion 
from 2-phase to 3-phase power for the headwheel 
motor is obtained by the use of the Scott transformer 
connection illustrated in figure SA-2; for this con- 
nection the 72Q and C.T. windings are used. The 
amplitude of the voltage in the output circuit oper- 
ating at the 90-degree phase position must be 86.6% 
of the voltage in the reference circuit. When one side 
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of the 90-degree output transformer is connected to 
the center tap of the 0-degree transformer, as shown 
in figure SA-2A, the voltages between the three out- 
put leads are combined vectorially to produce the 
phase balanced voltages shown in the vector diagram 
figure SA-2B. A capacitor, located on the tape trans- 
port panel, across each phase corrects the power 
factor. 


Power Supply—The amplifier has a self-contained 
power supply, this power supply consists of two sec- 
tions: (1) a filament and bias supply using trans- 
former T1; (2) an anode supply using transformer 
T2. The primary winding of each transformer has 
taps for operation from 109, 117, or 125 volts ac. 
The transformers are connected for 117 volt operation 
but can be changed if so desired. The transformers 
are protected from overload by a four ampere fuse 
in the common input line. The top secondary wind- 
ing of transformer T1 provides 6.3 volts ac for the 
amplifier tube filaments. Grid bias for power ampli- 
fier tubes V3 and V4 is obtained by rectifying the 
output of the center secondary winding of transformer 
T1 with selenium rectifier CR1, The bottom secondary 
winding of transformer T1 is connected to terminals 
4 and 6 of tube socket XV5; so that in case of an 
emergency, the silicon rectifier SR1 can be replaced 
temporarily by a 5R4GY tube but with some reduction 
in amplifier output power. 


Vac Vre +e) =V {120° 
r Vey = -866v 190° 


Vjg =-866v [-90° 
Voa™ Vy t Vep =V L2120° 


Figure SA-2. Scott Transformer Connecfion 


The output voltage of the secondary winding of 
transformer T2 is rectified by a silicon rectifier SR1, 
filtered by a choke input filter, and applied to the 
plate and screen circuits of amplifiers V3 and V4. 
Two type OD-3 voltage regulator tubes, connected in 
series, are used to keep the screen voltages of the out- 
put tubes constant regardless of variations in signal 
strength and line voltage. An internal jumper in each 
regulator tube acts as an interlock to open the primary 
circuit of transformer T2 when either of the voltage 
regulator tubes is removed from its socket, 


MAINTENANCE 


The procedure used in the servicing of resistance- 
capacitance coupled amplifiers in general can be ap- 
plied in the servicing of this amplifier, 


Setup Adjustments 
To permit adjusting the power amplifiers the fol- 
lowing equipment is required. 


TP=5 


TP=6 


A. PH-1 (TP-5), PH-2 (TP-6) 
Capstan Servo Chassis (Unit 404) 
Sweep Rate: 2000 usec/cem 
Amplitude: 100 volts/cm 
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1, Tektronix Type 535 oscilloscope or equiv- 
alent. 


2. Plug-in Milliammeter, RCA MI-21200-C1. 


To set up the two capstan power amplifiers (units 
402, 403) perform all the steps given in the table 
headed Adjustments on Power Amplifiers. On the two 
headwheel power amplifiers (units 502, 503) perform 
only the Bias Adjustments, step 2 to 4, and the Signal 
Balance Adjustments, steps 8 and 9, (The output 
amplitude adjustments for the headwheel amplifiers 
are included in the setup procedure for the headwheel 
servo chassis.) 


NOTE: The capstan power amplifiers must be ad- 
justed before setting up the capstan servo chassis 
(unit 404). Similarly, the adjustments on the head- 
wheel power amplifiers must be made before setting 


up the headwheel servo chassis (unit 504). 


B. Grid V3 (TP-1), Grid V4 (TP-2) 
Upper Power Amplifier (Unit 402 or 502) 
Sweep Rate: 5000 ssec/cm 
Amplitude: 10 volts/cm 


C. Grid V3 (TP-1), Grid V4 (TP-2) 
Lower Power Amplifier (Unit 403 or 503) 
Sweep Rate: 5000 ysec/cm 
Amplitude: 10 volts/cm 


Figure SA-3. Waveforms for Capstan Power Amplifier Adjustments 
{Waveforms for Headwheel Power Amplifier are similar} 
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ADJUSTMENTS ON POWER AMPLIFIERS 


BIAS ADJUSTMENTS 


Press STOP button. 


CATHODE CURRENT V3 (J4) on upper power Adjust BIAS V3 control, R29, for 25 ma, 
amplifier. 


CATHODE CURRENT V4 (J5) on upper power Adjust BIAS V4 control, R28, for 25 ma, 
amplifier. 


Repeat steps 2 and 3 on lower power amplifier, 


OUTPUT AMPLITUDE ADJUSTMENTS (CAPSTAN SERVO CHASSIS, UNIT 404) ** 


Press SETUP button on control panel. 


(115 v rms). 


PH-2 (TP-G). Adjust AMPL. PHASE 2 control, R113, for 320 v p-p 
(115 v rms), 


A PH-1 (TP-5). Adjust AMPL PHASE 1 control, R112, for 320 v p-p 
A 


3 
3 
SIGNAL BALANCE ADJUSTMENTS (MACHINE IN SETUP MODE) 


“A” input to GRID V3 (TP-1) on Adjust SIG BAL control, R10, on upper power ampli- 
upper power amplifier. fier for equal (and opposite) signals at TP-1, 2. 

“B” input to GRID V4 (TP-2) on 

upper power amplifier, 


Same as step 8, but on lower power Repeat step 8 on lower power amplifier. 
amplifier. 


* Use internal sync on scope. 


** STEPS 5, 6, 7 apply only when setting up capstan power amplifiers. Amplitude adjustments for headwheel power amplifiers 
are made during setup of headwheel servo chassis. 
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Figure SA-4. Servo Power Amplifier {Rear View) 
LIST OF PARTS 
POWER AMPLIFIER HEADWHEEL AND CAPSTAN SERVO (DWG. #851 1039-501 ) 
CAPACITORS: 
95624 737818-96 paper, 0.47 pf +10%, 400 v 
217265 737818-93 paper, 0.1 wf +10%, 400 v 
219919 8515252-1 paper, 0.47 pf 410%, 1000 v 
98982 737816-133 paper, 0.1 wf +10%, 600 v 
208024 722024-513 mica, 1500 pyf +5%, 500 v 
59983 458557 -29 electrolytic, 40 pf 450 v 
99123 458558-9 electrolytic, 80 »f 450 v 
95624 737818-96 paper, 0.47 wf +10%, 400 v 
99323 8958264-55 electrolytic, 80 wf 150 v 
99123 458558-9 electrolytic, 80 wf 450 v 
735715-271 paper, 0.047 wf +10%, 600 v 
78145 8958 264-46 electrolytic, 10 pf 150 v 
727866-241 mica, 560 wef +5%, 500 v char “B” 
221881 149392-3 Rectifier: selenium 
215443 Diode: type 1N538 
212231 990157-112 Fuse: 4 A125 v 
52107 727969-13 Connector: male, 4 contacts 
51604 727969-3 Connector: male, 6 contacts 
56077 727969-5 Connector: female, 8 contacts 
206074 818721-5 Connector: jack, telephone 
221882 8461411-1 Reactor; filter 
52108 727969-14 Connector: female, 4 contacts 


female, 6 contacts 


Connector: 
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TP1, TP2 
V3, V4 

XFl 

XSR1 

XV1, XV2 
XV3 to XV6 


221888 


97961 
221887 


221889 


215410 
59942 


96214 
22.1886 
206071 


221213 
221883 
221884 
221885 
205675 
210752 
48894 
68590 
94880 
68590 


727969-6 


82283-223 
90496-179 
90496-204 
82283-215 
90496-179 
990733-501 
82283-215 


8971860-117 
82283-215 
990733-318 
99126-207 
990736-493 
82283-201 
82283-159 
990733-101 
99126-169 
458572-93 
99126-151 
458574-77 
458572-54 
737847-38 


99126-170 
99126-211 
82283-183 


~ 993002-99 


99126-183 
90496-207 
82283-159 


8461412-} 
8461413-1 
8461414-1 
8825493-23 


99088-2 
99100-4 
737870-18 
99100-4 


Connector: male, 8 contacts 


RESTSLORS, 

Fixed, Composition - unless otherwise specified 
470,000 ohms, +5%, %w 

6800 ohms +5%, lw 

75,000 ohms +5%, 1 w 

220,000 ohms +5%, %w 

6800 ohms +5%, 1 w 

film, 100,000 ohms +1%, 1 w 

220,000 ohms, +5%, % w 
Not Used 

variable, 500,000 ohms, 
220,000 ohms, £5%, % w 
film, 1500 ohms +1%, 1 w 
100,000 ohms, +5%, 2 w 
film, 90,900 ohms +1%, 2 w 
56,000 ohms +5%, %w 

1000 ohms +5%, 4% w 

film, 10 ohms +1%, 1 w 

2700 ohms +5%, 2 w 

wire wound, 30,000 ohms +5%, 5 w 
470 ohms +5%, 2 w 

wire wound, 15,000 ohms +5%, 10 w 
wire wound, 1250 ohms +5%, 5 w 
variable, 3800 ohms +5%, 2 w 
Not Used 

3000 ohms £5%, 2 w 

150,000 ohms £5%, 2 w 

10,000 ohms +5%, % w : 
wire wound, 8000 ohms +5%, 25 w 
10,000 ohms +5%, 2 w 

100,000 ohms £5%, 1 w 

1000 ohms +5%, %w 

Rectifier: silicon 

Transformer: filament 
Transformer: plate 

Transformer: audio 

Jack: tip 

Tube: type 6550 

Holder: fuse 

Socket: octal 

Socket: tube, 9 pin 

Socket: tube, octal 


+10%, 2 w 
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Figure SA-5. Servo Power Amplifier Schematic Diagram 
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Figure CS-1. Capstan Servo Chassis 
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TECHNICAL DATA 


Filament Transformer: 117 volts, 50/60 cps, 60 watts 
(from circuit breaker No. 4) 


Plate: 280 volts dc, 117 ma (from unit 410, interlocked 
with —150 volt supply) 
—150 volts dc, 62 ma (from unit 405) 


Relays: 24 volts dc (from Control Panel) 
Input Signals 


Tape Signals 
From C.T, Playback/Record head 
From C.T. Simultaneous playback head (Record 


Power Required Delayed 240 cps tonewheel, 4 volts peak-to-peak, 


75 ohm input impedance 


Output Signals 


2 phase 60 cps to power amplifiers (units 402 and 
403) 
Monitoring Signals 
(a) C.T. playback signal 
(b) C.T. record signal 
(c) Sawtooth lock signal 
(d) DC current for control track record current 
meter on control panel. 


only) Tube Complement 
Timing Signals 1 0A2 2 6201 
Frame Pulse, 4 volts peak-to-peak, 75 ohm input 1 6CLG 4 12AX7 
impedance 1 6AUG 6 12AT7 
Tonewheel 240 cps, 4 volts peak-to-peak, high 1 6AW8 2 12AU7 
impedance bridging 4 6AL5 2 12BH7 
DESCRIPTION 


The Capstan Servo (see figure CS-1) provides a 
60-cycle, two-phase, controlled drive to the capstan 
motor, which in turn controls the speed at which the 
tape is pulled through the machine. The heart of this 
controlling system is an fm modulated 60-cps oscillator 
(see figure CS-2). 


During record, the 60-cycle oscillator frequency is 
controlled by a phase comparison of its frequency with 
a 240-cycle tonewheel signal derived from the speed 
of the headwheel motor. During record, a 240-cycle 
control track (C.T.) signal, derived from the head- 
wheel (HW) speed, is recorded on the tape by a C.T. 
head for reference when in playback. 


During playback (PB), this 240-cycle C.T. signal is 
phase compared to a 240-cycle signal derived from the 
HW motor, for control of the oscillator. Thus, the PB 
speed is controlled by the speed of the HW motor and 
the C.T. signal from the tape. This locking action in- 
sures the tracking of the video heads over the recorded 
video tracks on the tape. Also during playback, a 
velocity loop is used in conjunction with the phase 
loop to increase the locking range of the oscillator on 
the initial lock-up at the start of operation. 


The capstan servo chassis also includes the circuits 
for recording, monitoring, and playing back 240-cycle 
and 30-cycle frame-pulse information from the control 
track. The 30-cycle frame-pulse is used for splicing. 


30 CPS 
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Figure CS-2. Simplified Block Diagram of Capstan Servo System 
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Functional 

A block diagram of the capstan servo is shown in 
figure CS-3. The 240-cycle delayed output tonewheel 
pulse is applied to a filter circuit which converts it to a 
240-cycle sine wave. The 240-cycle sine wave is com- 
bined with a 30 cps frame pulse and applied to the 
control track head through the recording amplifier. 
The 30 cps frame pulse is generated in the reference 
generator (unit 407) and is used primarily to identify 
the proper cutting point in tape splicing operation. 

Provision is made for monitoring the current 
through the control track head, both with a waveform 
monitor and with a meter mounted on the main control 
panel. To make doubly sure that the control track is 
recorded properly, a simultaneous playback head is 
mounted on the tape transport panel. The pickup of 
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the simultaneous playback head is fed through an 
amplifier to the CRO monitor switcher (unit 307) 
where it can be displayed on the CRO waveform 
monitor. 


The simultaneous playback head is used only in the 
record mode. The same head that is used for recording 
information on the control track is used for playback 
to preserve the original time relationships in the 
signals, and minimize the length of tape between the 
video headwheel and the control track head. 


In the record mode, the 240-cycle tonewheel pulse, 
generated by the speed of the headwheel motor, is 
coupled to the 2-stage phase shifter. After the phase 
shifter, this pulse is used to generate a sawtooth which 
drives the phase detecting bridge. 


The other input to the bridge is a pulse derived from 
the output of the 60 cps oscillator after passing through 
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Figure CS-3. Block Diagram, Capstan Servo Chassis 


a control amplifier and pulse shaper. The dc error from 
the bridge output feeds the control tube which controls 
the oscillator frequency. In the record mode, the 
velocity error detector is not needed and therefore is 
shorted out by a relay contact. In the playback mode, 
the 240 cps sine wave which is picked up from the con: 
trol track, is converted into a sampling pulse, and fed 
to phase detectors where it is compared with a sawtooth 
generated from the tonewheel signal and the velocity 
error detector. The tonewheel signal is passed through 
a wide-range phase shifter which provides a manual 
adjustment for centering any of the four video heads 
over any desired track on the recorded tape. 


The outputs of the phase and velocity detectors are 
applied to a phase and velocity error mixer. The output 
of this mixer is fed to a control tube which modifies the 
frequency of a 60-cps oscillator just enough to keep the 
tape traveling at the proper speed, and maintaining 
proper phase relationship of the control track signal to 
the tonewheel signal. 


Since there are several different circuits in the capstan 
servo, each circuit explanation will be aided with a 
simplified circuit diagram. On each simplified diagram, 
there is a table which cross references various points in 
the circuit with waveforms shown in the Maintenance 
section. 
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Control Track Circuits 


The circuits for record, playing back, and monitoring 
the control track are illustrated in figure CS-4. During 
record, the delayed 240-cps tonewheel square wave is 
converted to a sine wave by a “packaged’’ 240-cps 
filter, and mixed with the frame pulse signal by a 
resistance mixing network at the grid of V11B. The 


TABLE FOR FIGURE CS-4 


Reference io 
Figure Waveform 


CS-13C 
CS-13D 
CS-13G 
CS-13H 


1 CS-16B, CS-18C 
2 CS-16A, CS-18B 
vi7 1 | CS-13K 
6 | CS-13J 
7 CS-131 
8 CS-13L 
FILTER IN CS-13E 
FILTER OUT _— CS-13F 
TP9 _ Same as V17 pin 7 
TP1O _— CS-16D, E and F; CS-18D 


TP1i2 CS-18B, CS-16A 


PLAYBACK 
MONITOR AMPLIFIER 
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Figure CS-4. Control Track Recording and Monitoring Circuits 
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frame pulse (J1) from the Reference Generator passes 
through gain control R50 before driving the cathode of 
V11A. Cathode drive is used to obtain the correct phas- 
ing of the frame pulse with respect to the control track 
phase. 


Tube V11B is the driving amplifier for the control 
track recording head. A 10-ohm current sampling re- 
sistor is connected in series with the control track head 
and ground. The signal across this resistor is amplified 
by V17, a dual-triode feedback amplifier. The output 
of V17 is directed both to the CRO waveform monitor 
unit 306, (through an 18K isolating resistor) and to a 
rectifier which drives the control track current meter 
on the main control panel. Also during record, relay 
K2 allows the pickup of the simultaneous playhead to 
be fed to the monitor amplifier so that whatever is 
being recorded, may be viewed immediately on the 
CRO waveform monitor. 


During playback, relay K2 opens the circuit between 
the output of V11B and the record playback head. The 
record playback head then feeds its output through T1 
and the monitor amplifier (V15) where the control 
track playback signal is amplified and fed to the moni- 
tor switcher (unit 307) where it can be displayed on 
the CRO waveform monitor. 


Control Signal Amplifiers 

Figure CS-5 shows the control signal amplifiers. In 
the record mode, the simultaneous playback head is 
connected to the input transformer (T1); but in the 
playback mode, the main control track record — play- 
back head is connected to T1. However, regardless of 
which signal is being passed through T1, it is amplified 
by V15 before going to the CRO waveform monitor. 
The monitor amplifier, V15, consists of a valtage-gain 
stage (V15A) followed by a cathode follower (V15B). 


Tube V16 is a feedback-pair amplifier. The feedback 
path consists of a twin-T network, This network 
presents a high impedance at 240 cps, so the negative 
feedback at this frequency is relatively low and the 
gain is correspondingly high. At higher and lower 
frequencies, the feedback is considerably greater, and 
the gain is greatly reduced. The net result is that the 
signal delivered to the following stages is a reasonably 
pure sine wave. 
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Figure CS-5. Control Signal Amplifiers 


In the record mode, the control amplifier V16, re- 
ceives a signal from the 60-cycle oscillator. Although 
this amplifier acts as a 240-cycle band-pass filter, the 
cut off is not as sharp at the lower frequencies and thus 
provides a sufficient amount of 60-cycle signal for the 
error detector circuits. 


Pulse Forming Circuit 

The 240 or 60 cps sine-wave from the control track 
playback amplifier is amplified by V12B, then further 
amplified and clipped by V13 (see figure CS-6). The 
latter stage is a cathode coupled circuit which provides 
amplification without a phase inversion, The signal at 
the plate of the right side of V13 is essentially a square 
wave, which is differentiated by C13 and R27. The 
positive “pip” resulting from this differentiation is 
suppressed by grid limiting in V12A, but the negative 
“pip” drives V12A toward cutoff and produces a sharp 
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Pin 
Number 


Reference to 


Symbot Figure Waveform 


CS-14J, CS-18L 
CS-141, CS-18K 
CS-14H, CS-18J 
CS-14F, CS-18G 


~ CS-14F, CS-18H 
CS-14G, CS-18I 


CS-7 


positive pulse in the plate circuit. The next stage, V7B, 
is normally biased below cutoff, but the peaks of the 
positive pulses from V12A turn V7B on to provide a 
keying pulse for the phase error detector and a trigger 
for the first M.V. in the velocity loop. 


240-cps Phase Shifter and Sawtooth 
Generator Circuits 

Before the 240-cps signal from the control track on 
PB (or 60-cycle PB output on record) is compared 
with the 240-cps signal from the tonewheel, which is 
attached to the headwheel motor, the latter signal is 
adjusted in phase and converted to a sawtooth wave- 
form (see figure CS-7). An adjustable phase shift of 
slightly more than one full cycle at 240 cps is required 
to make it possible to center any of the four video 
heads over any given recorded track on the tape. Such 
flexibility in track head combinations makes it possible 
to adjust the machine for nearly uniform signal levels 
in all head channels on interchangeable tapes. 


The tonewheel pulse amplifier, V9A, amplifies the 
signal used to trigger the first MV in the phasing cir- 
cuit. The required wide range of phase shift is accom- 
plished by two stabilized multivibrators in series, V10 
and V14. The 240-cps tonewheel square wave from 
VOA is differentiated by a 220 pf capacitor (C42) and 
a 47K resistor (R84) to form positive and negative 
pips at the edges of the square wave. Diodes CR6 and 
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Figure CS-6. Pulse Former Circuit 
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CRS permit only the negative pips to pass to the one 
shot multivibrator V10. Tube V14 is an identical multi- 
vibrator triggered by the trailing edge of the pulse 
produced in V10, by means of the differentiator and 
diode coupling network attached to the stabilizing 
diode in the cathode circuit of the right side of V10. 


In both multivibrators, the B side conducts when the 
circuit is in the “resting” condition, but is driven below 
cut-off when a negative trigger is applied to the grid of 
the B side, The length of time the B side remains cut- 
off, which is the pulse period, is determined both by the 
time constant in the grid circuit (820 ppf capacitor 
and 1.5 meg resistor) and by the voltage range avail- 
able to alter the charge on the coupling capacitor. The 
time constants of both V10 and V14 are fixed, but a 
control is provided to adjust the absolute voltage on 
the grids of both stages. This control which is marked 
CONTROL TRACK PHASE, is on the main control 


panel. 


The output pulse at the cathode of V14 is differen- 
tiated by the 220-mmf capacitor, (C44) and 100K 
resistor (R91) in the grid circuit of VOB. The positive 
“pip” is suppressed by grid clipping; when V9B is 


TONE WHEEL 
PULSE AMP \ 


240 CPS 
TONE WHEEL 


ALL DIODES 
TYPE INS4A 


driven positive, it draws grid current and attenuates the 
signal by. the action of the 1000-ohm grid resistor, R90, 
in series with the relatively low grid-to-cathode im- 
pedance. The negative pulse in the plate circuit of V9B 
is clipped by diode CR3 and the positive pulse is used 
as a discharge pulse for the sawtooth generator, V8. 
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Figure CS-7. 240 CPS Phase Shiffer and Sawfooth Generator 
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Figure CS-8. Phase Error Detector 


The sawtooth generator is a “bootstrap” type. Dur- 
ing the intervals between pulses, the 6800-mmf 
capacitor, C34, tends to charge up toward + 280 volts 
at a rate determined by the 2.7-meg and 390K resistors 
(R66 and R65 respectively). From cathode follower, 
V8B, the rising voltage is coupled back to the positive 
end of the 2.7-megohm resistor through a large (0.47 
mf) coupling capacitor C95. This rising voltage ap- 
plied to the top of the current-limiting resistor tends 
to make the voltage drop across it uniform, throughout 
the sawtooth period, resulting in a highly linear saw- 
tooth waveform across the 6800-mmf capacitor. When 
a positive pulse is applied to the grid of V8A, the 
storage capacitor is rapidly discharged through the 
tube, and a new sawtooth cycle begins. The output 
from V8B is coupled to potentiometers R127 and R34 
which serve as the gain controls for the servo loop in 
record and playback. 


Phase Error Detector 

The phase detector uses two double diodes (V5 and 
VG) in a bridge-type circuit (see figure CS-8). The 
diodes are non-conducting except for brief intervals at 
the tips of the sampling pulses delivered by T2. The 
1.0-mf capacitor, C17, in series with the secondary of 
T2 maintains its charge between pulses (except for the 
relatively slow discharge through the I-megohm re- 
sistor R37) to keep the diodes in a non-conductive 
state between sampling instants. When the diodes are 
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Pin Reference to 
Number 


Figure Waveform 


CS-15A, CS-19D 


CS-14K, CS-19B 


CS-14L, CS-19C 


closed, capacitor C18 is connected through the rela- 
tively low diode impedance to the LOOP GAIN 
potentiometer where the tonewheel sawtooth signal is 
present. During these sampling instants, capacitor C18 
tends to charge up to whatever voltage is provided by 
the sawtooth. The proper sampling point is near the 
center of the long slope on the sawtooth. If the 
sampling pulses occur too fast, implying that the tape 
is being pulled too fast, the sampling pulses will move 
downward along the slope, thereby reducing the volt- 
age across C18. Likewise, if the sampling pulses occur 
too slow, relative to the sawtooth, the voltage across 
C18 will increase because the sampling will occur at a 
higher point on the sawtooth, The sampling point can 
be observed by connecting an oscilloscope at test point 
TP4, (see figure CS-8) because a slight transient is 
visible on the sawtooth waveform due to feed thru. 


The voltage across C18 is applied to a cathode fol- 
lower, V7A, whose output circuit includes an attenua- 
tor to provide a proper level for the 60-cps controlled 
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Figure CS-9. Velocity Loop Circuits 


oscillator. The 22K resistor R39 and 5.0-mf capacitor 
C19 reduce the gain of the system for all except very 
low frequencies, and modify the phase-shift characteris- 
tic to minimize the risk of oscillation or hunting. 
During record, the transient will appear on every 
fourth sawtooth and during playback it will appear on 
every sawtooth. 


Velocity Error Detector 

The function of the velocity error detector (see 
figure CS-9) is to sense an error in the velacity of the 
tape as it passes through the machine and pass this 
error information to the controlled oscillator for a cor- 
rection in the frequency which in turn compensates for 
incorrect speed. In practice this only affects the oscilla- 
tor and speed of the tape during the lock-up period; 
the phase error detector then determines the phase and 
thus the speed during normal operation. Use of a 
velocity loop increases the reliability of lock-up by 
increasing the frequency range of the oscillator over 
which lock-up can be obtained. The circuit in which the 
tape speed is detected is shown in figure CS-9. During 
the following explanation of the velocity error detec- 
tor, refer also to the block diagram figure CS-3 and the 
timing diagram of figure CS-10. 


The output of the pulse forming circuit (see figure 
CS-3) triggers MV-1. The trapezoid is formed from 
the negative portion of the pulse from MV-1. Im- 
mediately preceding the triggering of MV-1 the grid 
of V21A is fed a positive signal from V-18, resulting 
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Symbol Pin Reference to 
TELS Number Figure Waveform 
W7B 1 CS-14J 
v20 1 CS-20H 
2 CS-20G 
6 CS-201 
V21 3 CS-20B 
7 CS-20E 
V23 1 CS-20L 
5 CS-20J 
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5 CS-20D 
——— 
V18 3 CS-19F 
6 CS-19H 
7 CS-19G 
Vi19 1 CS-19K 
2 CS-19L 
6 CS-19J 
8 CS-20A 


CS-11 


in the conduction of V21A and, as a result, a positive 
voltage on the cathode of the diode V24A. This cuts 
off the diode V24A. The second half of V24 continues 
to conduct. The voltage at the cathode and plate of 
V24B is approximately —1.5 volt because of the volt- 
age division of R-164 (6800 ohms) and R-165 (330K); 
C80 is also being charged to this —1.5 volt. 


When V-18 is triggered by the tape signal, the plate 
goes negative and drives the grid of V21A negative, 
and as a result cuts off V21A. With V21A cut off, the 
diode V24A begins to conduct as its cathode is no 
longer positive. Because R159 is much smaller than 
R165, sufficient current is drawn through R164 from 
diode V24A and R159, so that the plate of V24B be- 
comes negative (—15V) with respect to the —1.5V 
charge across C80 (4700 mmf) cutting off V24B. With 
V24B cut off, the capacitor C80 begins to discharge 
toward a —150V through R165 (330K). When the 
capacitor C80 reaches the voltage of the plate of V24B 
(—15V), the diode begins to conduct and the voltage 
is held there at —15V by the conduction of V24A. 
When the multivibrator action of V18 results in a 
positive signal at the grid of V21A, diode V24 is cut 
off and C80 rapidly discharges through R164 to the 
—1.5V of the voltage divider R164 and R165. 


The trailing edge of the pulse from MV-1 triggers 
MV-2 (see figure CS-9). The period of time from the 
triggering of MV-1 and the trailing edge of the pulse 
from MV-2 is fixed by the design of these two multi- 
vibrators and is thus independent of the rate of trig- 
gering. When set correctly by the “Delay” adjustment 
(R177) the period of the two multivibrators is such 
that the pulse formed by the trailing edge of the second 
multivibrator is timed to coincide with the center of the 
trapezoid when the tape is running at the correct speed 
(tape pulses at a 240 cps rate). Refer to figure CS-10. 
Any deviation from this speed results in the pulses 
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Figure CS-10. Velocity Loop Timing Diagram 
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from the multivibrators appearing at a time to place 
them high or low on the trapezoid. The pulses are 
formed in the ringing circuit of V20A by the negative 
going edge of the signal from V19. These pulses are 
fed to a detector stage through V20B, and T5. The 
two diodes, V23, are normally non-conducting except 
during the brief sampling intervals corresponding to 
the peaks of the pulses delivered by transformer T5. 
During sampling (or clamping) intervals, the charge 
on C86 is adjusted to make the output voltage equiva- 
lent to the trapezoid voltage at that instant. The volt- 
age across the 6800 mmf capacitor remains constant 
between clamping intervals because when the diodes 
are open, the charge on the capacitor can be altered 
only through high impedance leakage paths. The signal 
applied to the center-tap of the clamper network is the 
240 cps trapezoid waveform. The output of the clamp 
circuit is fed through a low frequency roll-off circuit 
to the tube V22 which combines the phase and velocity 
information and then applies it to the control tube in 
the oscillator circuit. 


Controlled Oscillator 


The controlled oscillator used in the Capstan Servo 
System is the phase shift type. In any oscillator there 
must be some form of positive feedback, some form of 
frequency selectivity, and enough gain to overcome the 
losses in the circuit (that is, the gain around the feed- 
back loop must be greater than unity at the frequency 
of oscillation). In the phase shift oscillator, feedback 
from plate to grid of a single stage is provided 
through a multi-section network which introduces a 
180-degree phase shift at the desired frequency of 
oscillation. (Direct feedback from plate to grid would 
be negative, but the 180-degree phase shift makes the 
feedback positive.) In the case of the capstan servo, 
the phase-shift type of oscillator was chosen primarily 
because it is readily adaptable to both manual and 
automatic frequency control. Refer to figure CS-11 of 
this instruction book. 


The first section of the 3-section phase-shift network 
(of oscillator V4A) includes an adjustable ‘resistor 
(OSC FREQ — R103) which provides a setup adjust- 
ment of the oscillator’s frequency by affecting the 
phase shift of the first section. A relatively wide- 
range control (CAPSTAN SPEED, located on the 
main control panel) is provided for MANUAL 
OPERATION; this permits the speed of the tape to be 
varied enough to bring two machines into audio syn- 
chronism when they are playing back identical 
programs, 

For automatic (or servo-controlled) operation, the 
limited-range manual control, R103, is provided to set 
the free-running frequency of the oscillator at the 


proper value which will permit the error detector to 
work in the middle of the sawtooth slope. The wide- 
range manual control is located on the machine’s main 
control panel, and the relay which switches between 
manual and automatic operation is actuated by pushing 
in on the manual speed control knob. (The same relay 
also shorts out the error signal to completely disable 
the automatic control when manual operation is 
desired.) 

The resistance in the second section of the phase- 
shift network consists of a 165K resistor, R99, in series 
with the output of cathode follower V3. A sample of 
the signal at the top of the 165K resistor is applied to 
the grid of V1 through a voltage divider consisting in 
part of a 3.3-megohm and a 220K resistor (R96 and 
R95). This signal is amplified by V1 and applied to 
cathode follower V3 with a phase inversion. 


Capacitor C47 serves primarily to compensate for the 
phase shift introduced by the inter-stage coupling net- 
work between V1 and V3. Capacitor C46 blocks d-c 
between the cathode of V3 and the grid of V1. Because 
the signal applied by the cathode follower in series 
with the bottom end of R99 is out-of-phase in relation 
to the signal at its top end, the apparent resistance in 
this section of the phase-shifting network is somewhat 
less than the actual value. The amount of this apparent 
reduction is determined by the gain of the combination 
of V1 and V3. Since the grid of Vi is returned to the 
source of the error signal, developed by comparison of 
the control track and tonewheel signals, the resistance 
in the second section of the phase shifter is effectively 
“modulated” by the error signal. If the error voltage 
tends to rise, implying that the capstan motor is run- 
ning too slow, the gain of V1 will increase slightly, 
causing a decrease in the apparent resistance of the 
phaseshift network. This decreased resistance causes an 
increase in the frequency at which the phase shift totals 
180 degrees, and thus slightly increases the frequency 
of the oscillator. Since the motor is driven synchron- 
ously, it also increases slightly in speed to restore the 
proper speed to the tape. 

The third section of the phase-shift network is a 
simple capacitor and resistor. The output of the oscilla- 
tor is attenuated by a 1.5-megohm resistor (R108) in 
series with a 100K resistor (R109) and applied to the 
grid of a cathode follower, V4B. In the output of this 
cathode follower, there are two phase-shift networks 
to provide two signals in phase quadrature, and a pair 
of potentiometers R112 and R113 for adjusting the 
amplitude of the two phases. (Note that the OFF-ON 
relay, K6, stops the capstan motor by grounding the 
signal at the grid of V4B.) The two phases are then 
coupled to the Capstan Power Amplifiers (units 401, 
402) before driving the capstan motor. 


CS-13 


FEEOBACK 


60 CYCLE PHASE SHIFT 


CONTROL AMP REGULATOR  ORIVER OSCILLATOR 
v22 vi v2 v3 V4A 
IZ AX7 6AUG OA 2 6CLE l2ZATT 
+280 +280 


TO MANUAL SPEED 
CONTROL ON 
CONTROL PANEL 


PHASE AND VELOCITY 
FROM PHASE ERROR MIXER 


ERROR DETECTOR 


2700 180K K3 2 ME ~ 


7 ? 
t 
0 1 
+280 z H 8 ~150 0 5 IMF 6 
100K 5 iT Ol 001 
RED \ = 1-5 Sas 


CAPSTAN 
ON-OFF RELAY 


220k | Re 
100K 470K 333 
M 
veo mA S00 ee eat LS Segqak 2000 
3 = 150K 150K 8250 MEG ME 
2 
FROM VELOCITY CONT TUBE = = 
ERROR DETECTOR 3 BIAS Rio 
rs9_ c46 ae FRES 
165K iMF ; 
Mee 3900 21780 
\MF 
\2aT7 
hina aR 
RIO8 60 CYCLE 
1.5 MEG OUTPUT 
+ 280 
PHASE | 2 
aaa v AMPLITUDE = |MF 33K Ve race ate 
4p I —to pHase! 
qe 
ieee = OUTPUT TO CAPSTAN 
POWER AMPLIFIERS 
a 6 068 
PHASE 2 
PHASE 2 : 4 
AMPLITUDE 43K UE 


Figure CS-1]. 60-Cycle Oscillator and Output Circuits 


Control System 

The capstan servo consists of five relays which con- 
trol its functioning in the system (refer to schematic 
diagram figure CS-22). The purpose of each relay and 
its function is as follows: 


Relay K1, switches the amplitude of the sawtooth by 
transferring the sawtooth at the bridge to either the 
playback or the record gain controls (R34, R127). 
Relay K1 is energized when the machine is in the 
RECORD and SETUP modes; de-energized in all other 
modes. 


Relay K2; does the switching of the record/play- 
back head and the simultaneous play head. Relay K2 
has three sections. These sections transfer the record / 
playback head from the input transformer, T1, to the 
driver tube V11, and the simultaneous play head from 
OFF to the input transformer T1. Relay K2 is ener- 
gized in the RECORD AND SETUP modes; and 
de-energized in all other modes. 


Relay K3; this is the manual speed control relay. 
This relay is de-energized at all times except when the 
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CS-15E 


CS-15H 
CS-151 
CS-15F 
CS-15G 


TP1 and 2 ! CS-15) 
TPS and 6 CS-15K 


manual speed knob on the control panel is depressed, 
when at such time, it is desired to control the speed of 
the tape manually. 


Relay K6; the capstan ON-OFF relay. This relay 
switches the capstan motor on and off by disconnecting 
the oscillator output which is responsible for driving 
the capstan motors, 


CS-14 


Relay K6, is energized in the PLAY, RECORD, Relay K5; Record-Playback switching of the control 
SETUP, and WIND modes. In the STOP mode, KG is signal amplifier. This relay has two sections. One sec- 
de-energized; in this mode one section of K6 grounds tion of K5 transfers the playback amplifier from the 
the 60-cycle oscillator output to the power amplifiers input transformer T1 to the 60-cycle oscillator, The 


to prevent the capstan motor from running in this 
mode. The other two sections ground the filter capaci- 
tors in the phase and velocity loops to prevent a false 


second section grounds the 60-cycle signal during play- 
back, and grounds the velocity loop during record. 


error signal from appearing at these points after a Relay K5 is energized in the record and set-up 
fast rewind and then a quick return to STOP and then modes; in PLAY, WIND, and STOP, it is de- 
to PLAY. energized. 

MAINTENANCE 
Setup Procedure 3. Reel of tape. 


To set up the capstan servo chassis the following 


E ; Before adjusting the capstan servo chassis make cer- 
equipment is required. 


tain that the headwheel servo system and capstan 
1, Tektronix Type 535 oscilloscope or equivalent. power amplifiers are functioning normally. Then pro- 


2. Vacuum tube voltmeter, ceed as directed in the following table: 


ADJUSTMENTS ON CAPSTAN SERVO CHASSIS 


Connect Scope To* Procedure 


1 SU Press OSCILLOSCOPE H.W. | Observe CRO waveform monitor or picture monitor to make certain 
SERVO button or MONITOR | that headwheel servo is locked. 

T.W. PULSE button on 

| CRO/Monitor Switcher. 


2 | 12A | SU “A” input to FRAME Check for normal waveform. 
PULSE (TP-8). 
3 | 12B | SU “B” input to 240 T.W. Check for normal waveform. 
IN (TP-7). 
4 | 12C | SU “B” input to D. 240 Check for normal waveform. 
T.W. IN (TP-13). 
5 STOP | Press STOP button and thread a tape on recorder. 
6 STOP Turn OSC. FREQ. control, R103, to mid position. 
7 WIND Press WIND button and adjust FORWARD-REVERSE knob (variac) 
until tape is stationary. 
8 | 12D | WIND| PH-1 (TP-5). Connect VTVM on dc range to CONTROL TUBE BIAS (TP-3). Adjust 


CONTROL TUBE BIAS control, R98, until 60 cycle sine wave on scope 
is as nearly stationary as possible. Check VIVM for reading of 4.2 
+£0.5 v dc at TP-3. 


9 SU Press SETUP button on contro] panel. 


10 | 12E | SU SAWTOOTH (TP-4). Turn RECORD LOOP GAIN control, R127, fully clockwise and observe 
waveform. Pip should be locked near center of every fourth sawtooth, 


Same as preceding step. Adjust sweep rate of scope until period of sawtooth occupies 10 hori- 
zontal divisions on scope graticule. Then expand sweep 10 times and 
observe the amount of jitter (total horizontal travel) of the pips. Jitter 
should not exceed 1 division (1% of sawtooth period). 

Check position of frame pulse. Adjust DELAY 240 SQ. WAVE control, 
R44, on tone wheel amplifier (if necessary) until frame pulse is centered 
at the top of the 240 cycle sine wave. 


MON. C.T. REC. (TP-11). 


18 | 12K, 
L 

19 | 12F 

20 | 12K 


REC 


WIND, 
PLAY 


PLAY 


PLAY 


PLAY 


PLAY 


PLAY 
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ADJUSTMENTS ON CAPSTAN SERVO CHASSIS (continued) 


Connect Scope To* 


MON. C.T. P.B (TP-10), 
or press OSCILLOSCOPE 
C.T. P.B. button on 
CRO/Monitor Switcher. 


MON. C.T. REC. (TP-11). 


“A” input to SAWTOOTH 
(TP-4). 

“B” input to TRAPEZOID 
(TP-16). 


Same as preceding step. 


Same as preceding step. 


Same as preceding step. 


Same as preceding step. 


Procedure 


Record 5 minutes of picture, While recording observe simultaneous 
control-track playback signal on oscilloscope or waveform monitor. 
Waveform should appear as in figure 12H. If necessary adjust 240 REC. 
AMP. control, R54, until desired waveform is obtained. (Figs. 12I and 
12] show waveform obtained when control track current is too low or 
too high.) 


Adjust FRAME PULSE AMP. control, R50, until amplitude of frame 
pulse is 11/5 times that of sine wave. 


Rewind and then play back segment of tape recorded in step 13. Make 
all the following adjustments while playing back the tape. 


Hold down the momentary pushbutton marked SETUP on the capstan 
servo chassis. Adjust OSC. FREQ. control, R103, Cif necessary) to lock 
pip on sawtooth. Adjust P.B. LOOP GAIN control, R34, until sawtooth 
amplitude is 20 v p-p. Release button. 


Adjust DELAY control, R177, until pip is in center of negative slope 
on trapezoid (fig. 12L). Adjust VEL. GAIN control, R171, until trape- 
zoid amplitude is 15 v p-p. 


Press pushbutton marked SETUP on capstan servo chassis and note 
position of pip on sawtooth (fig. 12K). Release button and adjust 
DELAY control, R177, until pip is in same position on slope as when 
button was pressed. The pip on the trapezoid (fig. 12L) should still be 
near center of slope. 


Adjust sweep rate of scope until period of sawtooth occupies 10 hori- 
zontal divisions on scope graticule. Then expand sweep ten times, 
increase scope vertical gain to permit observation of pip, and observe 
drift and jitter of pip. If jitter (total horizontal excursion) is greater 
than three divisions (3% of sawtooth period) reduce VELOCITY 
GAIN, LOOP GAIN, or both. If a long slow drift occurs, increase 
LOOP GAIN. 


If the gain of the velocity loop is too low, the lock-in range of the 
OSC. FREQ. control, R103, will be too narrow, To check the lock-in 
range, proceed as follows: 


a. Turn OSC. FREQ. control fully counterclockwise. If pip is not 
locked on slope of sawtooth (fig. 12K) slowly turn contro! clock- 
wise until pip locks. Then note setting of control. 


b. Turn OSC. FREQ. control fully clockwise. If pip is not locked on 


slope, slowly turn control counterclockwise until pip locks, Then 
note new control setting. 


c. The difference between the two control settings in 2a and } (lock-in 
range) should be 180 degrees (58 to 62 cps), If range is narrow 
increase VELOCITY GAIN and then repeat the jitter and lock-in 
fange tests (steps 19 and 20). 


* Trigger scope sweep with reference pulse from REF test point on reference generator chassis (unit 407). 


Troubleshooting 


The schematic diagram, figure CS-22, should be 
referred to when troubleshooting. Also figures CS-13 
through CS-20, can be used for comparing waveforms 


when checking the unit for proper operation. 


With each simplified circuit diagram, a table is also 
available for referring various points in the circuit to 
waveforms that are shown in this section. Figure 
CS-21, shows component identification which may be 
useful during troubleshooting. 


CS-16 


A. FRAME PULSE (TP-8) 
50 usec/div., 2 v/div. 


D. (1) PH-1 (TP-5) 
(2) PH-2 (TP-6) 
2000 psec/div., 100 v/div. 


G. MON C.T. REC. (TP=11) 
2000 usec/div., 0.5 v/div. 


J. MON. C.T. P.B. (TP-10) 
High Record Current 


1000 psec/div., 0.1 v/div. 


B. 240 TW IN (TP-7) 
50 psec/div., 2 v/div. 


E. SAWTOOTH (TP-4). 


2000 uzsec/div., 10 v/div. 
SETUP (or RECORD) 


. MON. C.T. P.B. (TP-10) 
Normal Record Current 


1000 usec/div., 0.1 v/div. 


K. SAWTOOTH (TP-4) 


1000 psec/div. 5 v/div. 
PLAY mode 


CS-17, 18 


C. D. 240 IN (TP-13) 
50 psec/div., 2 v/div. 


TTT trp bet 


F. SAWTOOTH (TP-4), Double 
Exposure Showing Jitter 


(See Table, step I! or 17) 


1. MON. C.T. P.B. (TP-10) 
Low Record Current 


1000 psec/div., 0.1 v/div. 


L. TRAPEZOID (TP-16) 
1000 »sec/div., 5 v/div. 


Figure CS-12. Test Point Waveforms 


CS-19, 20 


NOTE: All waveforms from Figure CS-13A through Figure CS-15A, apply to the RECORD 
mode. Waveforms are the same for SETUP except where indicated. 
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A. Top: Frame TP8, 5000 usec/2m, B. Frame TP8, 5000 usec/cm, C. V11 pin 1 
2v/cm 2v/cm 5000 usec/cm, .05v/cm 
Bottom: TW TP7, 5000 usec/cm, Delayed TW TP13, 5000 
5v/cm usec/cm, 5v/cm 


D. VII pin 3 E. FILTER IN F. FILTER OUT 
5000 usec/cm, 2v/em 5000 usec/cm, lv/cem 5000 usec/cm, lv/cm 


G. V11 pin 7 H. V1l1 pin 9 |. VI7 pin 7 
5000 usec/cm, 1v/cm 5000 usec/cm, 10v/cem 5000 usec/cm, .05v/em 


J. V17 pin 6 K. V17 pin 1 L. VI7 pin 8 
5000 usec/cm, .5v/cm 5000 usec/em, 1v/em 5000 usec/cm, .05v/cm 


Figure CS-13. Waveforms and Voltages 
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A. V16 pin 2 B. V16 pin 1 C. V16 pin 3 
5000 usec/cm, .05v/cm 5000 usec/cm, .5v/cm 5000 usec/cm, .05v/cm 


D. V16 pin 6 E. V12 pin 6 F. V13 pin 3 
5000 usec/cm, 5v/cm 5000 usec/cm, 50v/cm 5000 usec/cm, 20v/cm 


G. V13 pin 6 H. V12 pin 2 1 V12 pin 1 
5000 usec/cm, 20v/cm 5000 usec/cm, 10v/cm 2000 usec/cm, 50v/cm 


J. V7 pin 1; TP15 K. V5 pin 5 L. V5 pin 7 
2000 usec/cm, 20v/cm 2000 usec/cm, 50v/cm 2000 usec/cm, 10v/cm 


Figure CS-14. Waveforms and Voltages 


CS-23, 24 


NOTE: CS-15B through CS-15K apply to REC., P.B. and SETUP. 


A. V5 pin 1 B. V1 pin 1 C. V1 pin 5 
5000 usec/em, .5v/em 5000 usec/em, .5v/cm 5000 usec/cm, 5v/cm 


D. V1 pin 7 E. V3 pin 1 F. V4 pin 6 
5000 usec/cm, .05v/cm 5000 usec/cm, 5v/em 5000 usec/em, 50v/em 


G. V4 pin 7 H. V4 pin 2 I. V4 pin 3 
5000 usec/cm, 2v/em 5000 usec/cm, 2v/cm 5000 usec/cm, 2v/cem 


J. Top: PH-1 (TP1) K. Top: PH-? (TP5) L. TP4; REC., SETUP 
Lower: PH-2 (TP2) Lower: PH-2 (TP6) 2000 usec/cm, 10v/em 
5000 usec/cm, 2v/em 2000 usec/cem, 100v/cem 


Figure CS-15. Waveforms and Voltages 
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A. V15 pin 2 (TP12); RECORD B. V1I5 pin 1; RECORD only; C. TP15; REC., SETUP; 
only; 5000 usec/cm, .05v/cm 5000 usec/cm, 1v/cm 200 usec/cm, 20v/em 


D. TP10; RECORD only; E. TP10; RECORD only; F. TP10; RECORD only; 
Correct Record Current; Low Record Current: High Record Current; 
1000 usec/cm, .5v/cm 1000 usec/cm, .5v/cm 1000 usec/cm, 0.1v/cm 


G. TP7, 240 TW; REC., P.B., H. CR5, CR6; REC., P.B., SETUP, I. V9 pin 1; REC., P.B., SETUP; 
SETUP; 500 usec/cm, 2v/cm 1000 usec/cm, 50v/cm 500 usec/cm, 20v/cm 
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J. V10 pin 6; REC., P.B., SETUP; K. V10 pin 6; REC., P.B., SETUP; L. V10 pin 1; REC., P.B., SETUP; 
CAP PHASE Control max. ccw; CAP PHASE Control max. cw; CAP PHASE Control at 5; 
500 usec/cm, 100v/cm 500 usec/cm, 100v/cm 500 usec/cm, 50v/cm 


Figure CS-16. Waveforms and Voltages 


CS-27, 28 


NOTE: CS-17A through CS-17L apply to SETUP, REC., and PLAYBACK. 


A. V10 pin 8; CAP PHASE Control B. V14 pin 6; CAP PHASE Control C. V14 pin 1; CAP PHASE Control 
at 5; 500 usec/cm, 10v/em at 5; 500 usec/cm, 50v/cm at 5; 500 usec/em. 50v/em 


D. V10 pin 2; CAP PHASE Control E. V14 pin 2; CAP PHASE Control F. V14 pin 8 
at 5; 500 usec/cm, 50v/em at 5; 500 usec/cem, 50v/em 500 usec/cm, 10v/em 


G. R76 Top; R85 Bottom H. V9 pin 7 lL V9 pin 7 
500 usec/em, 20v/em 1000 usec/em, 10v/em 1000 usec/em, 10v/cm 


J. V9 pin 6 K. V8 pin 7 L, V8 pin 6 
500 usec/cm, 20v/cm 500 usec/cm, 5v/em 1000 usec/em, 20v/cm 


Figure CS-17. Waveforms and Voltages 
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A. V8 pin 3; REC., P.B., SETUP; B. TP12, VI5 pin 2, V16 pin 2; C. V15 pin 1; P.B; 
1000 usec/cm, 10v/cm P.B.; 5000 usec/cm, .05v/em 5000 usec/em, .5v/em 
(B only Calib) 


D. TP10; P.B.; E. V16 pin 1; P.B.: F. V16 pin 6; P.B.; 
5000 usec/cm, .5v/cm 5000 usec/cm, .5v/em 2000 usec/cm, 5v/em 


G. V12 pin 6; P.B.; H. V13 pin 3, P.B.; I. V13 pin 6; P.B; 
1000 usee/em, 100v/em 1000 usec/em, 20v/cm 1000 usec/em, 20v/em 


J. V12 pin 2; P.B.; K. V12 pin 1; P.B.; L. TP15, V7 pin 1; P.B.; 
1000 usec/cm, 10v/em 1000 usec/cm, 50v/cem 1000 usec/cm, 20v/cm 


Figure CS-18. Waveforms and Voltages 
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A. TP4;: P.B.; B. V5 pin 5; P.B.; C. V5 pin 7; P.B.; 
1000 usec/cm, 10v/cm 1000 usec/cm, 10v/cm 1000 usec/cm, 20v/cm 


D. V5 pin 1; P.B.; E. TP14; P.B.; F. VI8 pin 3; P.B.; 
2000 usec/cm, .5v/cm 1000 usec/cm, 50v/cm 1000 usec/cm, 1v/cm 


G. V18 pin 7; P.B.; H. V18 pin 6; P.B.; I. CRI2, CR13; P.B.; 
1000 usec/cm, 50v/cm 1000 usec/cm, 50v/cm 1000 usec/cm, 20v/cm 


J. V1I9 pin 6; P.B.; K. V19 pin 1; P.B.; L. V19 pin 2; P.B. 
1000 usec/cm, 50v/cm 1000 usec/cm, 50v/cm 1000 usec/cm, 50v/cm 


Figure CS-19. Waveforms and Voltages 
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A. V19 pin 8; P.B.; B. V21 pin 3; P.B.; C. V24 pin 2; P.B.; 
1000 usec/cm, 10v/cm 1000 usec/cm, 20v/cem 1000 usec/cm, 10v/cm 


D. V24 pin 5; P.B.; E. V21 pin 7; P.B.; F. TP16; P.B.; 
1000 usec/cm, 10v/cm 1000 usec/cm, 5v/cm 200 usec/cm, 5v/cm 


G. V20 pin 2; P.B.; H. V20 pin 1; P.B.; 1. V20 pin 6; P.B.; 
1000 usec/cm, 10v/cem 1000 usec/em, 50v/cm 1000 usec/cm, 100v/cm 


J. V23 pin 5; P.B.; K. V23 pin 7; P.B.; L. V23 pin 1; P.B.; 
1000 usec/cm, 10v/cm 1000 usec/cm, 20v/cm 5000 usec/cm, Iv/cm 


Figure CS-20. Waveforms and Voltages 
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Figure CS-21. Rear View of Capstan Servo Chassis, Component Identification 
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LIST OF PARTS 


C11,C12 
C13 
C14,C15 
C16A/D 
C17 

C18 

C19 

C20 

C21 

C22 
C23,C24 
C25 

C26 

C27 

C28 

C29 ,C30 
C31 

C32 

€33 

C34 

C35 
C36 , C37 
C38 

C39 

C40 to C42 
C43 

C44 

C45 
C46, C47 
C48 

C49 

Cs0 

C51 

C52 

C53 

C54 

C55 

C56 to C58 
C59, C60 
C61 

C62 

C63 

C64 

C65 to C67 
C68 

C69 
C70, C71 
C72 

C73 

C7 4A/B 
C75 

C76 

CTT 

C78 

C79 


213188 


206732 


213188 
211560 


218626 


218624 


94667 


211741 
217265 
219588 
219195 
96185 


97562 


218625 
206013 
212980 


217350 


32342 


219661 


CAPSTAN SERVO (8973706-502 ) 


458558-49 
735715-163 
458 557-3 
735715-163 
735715-179 
727876-259 
727876-266 
735715-163 
727876-249 
735715-163 
458558-49 
737818- 97 
735715-175 
8976977-1 
735715-171 


735715-175 
735715-179 


458557-23 
735715-163 
442901-48 
735715-175 
735715-163 
735715-175 


727876-67 


735715-175 
727876-31 
727876-245 
727876-31 
727876-245 
727876-31 
735715-175 
737818-17 
737816-93 
993025-485 
993025-461 
458557-2 
735715-175 
737816-17 
735715-175 
735715-173 
735715-163 
735715-175 
735715-179 
458558-50 
735715-179 
458557-7 
8811182-5 
471574-27 


8959154-108 
8811182-5 
727851-135 
95695-37 
735715-175 
8811182-5 
735715-171 
8924416-119 
727851-123 


CAPACITORS: 

electrolytic, 30/30/40/40 wf 450 v 
paper, 0.01 wf +10%, 400 v 
electrolytic, 100 uf 150 v 

paper, 0.01 wf +10%, 400 v 

paper, 0.22 wf +10%, 400 v 

mica, 3300 puf +5%, 500 v char “B” 
mica, 6200 puf +5%, 500 v char ‘*B” 
paper, 0,01 wf +10%, 400 v 

mica, 1200 wuf +5%, 1000 v char “B” 
paper, 0.01 wf +10%, 400 v 
electrolytic, 30/30/40/40 uf 450 v 
paper, 1 wf +10%, 400 v 

paper, 0.1 wf +10%, 400 v 

paper, 5 wf 150 v 

paper, 0.047 wf +10%, 400 v 

Not Used 

paper, 0.1 pf +10%, 400 v 

paper, 0.22 wf +10%, 400 v 

Not Used 

electrolytic, 60 wf 350 v 

paper, 0.01 wf +10%, 400 v 
electrolytic, 50 wf 25 v 

paper, Q.1 wf +10%, 400 v 

paper, 0.01 wf +10%, 400 v 

paper, 0.1 wf +10%, 400 v 

Not Used 

mica, 6800 uwuf +20%, 500 v char “B” 
Not Used 

paper, 0.1 wf +10%, 400 v 

mica, 220 puf +20%, 1000 v char ‘*B” 
mica, 820 uwuf +5%, 1000 v char “B” 
mica, 220 puf +20%, 1000 v char ‘'B” 
mica, 820 uwuf +5%, 1000 v char.“ B” 
mica, 220 pwyuf +20%, 1000 v char ‘‘B” 
paper, 0.1 wf +10%, 400 v 

paper, 1 pf +10%, 100 v 

paper, 0.1 wf +10%, 400 v 

mica, 10,000 puf +5%, 100 v 

mica, 1000 wef +5%, 100 v 
electrolytic, 2000 pf, 6 v 

paper, 0.1 pf +10%, 400 v 

paper, uf +10%, 100 v 

paper, 0.1 wf +10%, 400 v 

paper, 0.068 nf +10%, 400 v 

paper, 0.01 wf +10%, 400 v 

paper, 0.1 wf +10%, 400 v 

paper, 0.22 wf +10%, 400 v 
electrolytic, 100 pf 450 v 

paper, 0.22 pf +10%, 400 v 
electrolytic, 20 pf 450 v 

ceramic, 10,000 puef -20 +100%, 
electrolytic, 10 wf 350 v 

Not Used 

electrolytic, 10 pf 25 v 

ceramic, 10,000 wef ~20 +100%, 
mica, 330 wef +10%, 500 v char 
electrolytic, 10/10 pf 450 v 
paper, 0.1 wf +10%, 400 v 

ceramic, 10,000 puf -20 +100%, 
paper, 0.047 wf +10%, 400 v 

mica, 2700 wuf +1%, 500 v 

mica, 100 wuf +10%, 500 v char 


c80 

C81 

C82 
C83,C84 
C85A/B 

C86 

C87 

C88 

C89 to C91 
C92, C93 
C94 

C95 

C96 

CR1 to CR9 
CR10 to CRI5 
DS1, DS2 


219661 


209079 
32342 


211169 


211545 
95624 
211741 
99483 
108915 
101857 
218628 
218623 
51800 
56077 
51800 
591594 
51800 
53140 
51604 
51800 
218223 
206744 


218223 
218622 


211803 


215661 
54246 
58978 
215661 
51595 
215661 


215661 
54246 
$4253 
51607 
215661 


727876-163 
8924416-119 
735715-175 
737816-95 
95695-37 
727876-167 
735715-175 
737863-37 
8811182-5 


471574-32 
7378 18-96 
737818-17 


872291-9 
990157-107 
8976975-1 
255223-2 
727969-5 
255223-2 
127969-1 
255223-2 
727969-15 
727969-3 
255223-2 
460355-6 
460355-2 


460355-6 
8973724-1 


8980021-1 


252868-1 
893648 -2 
727969-6 
252868-1 
727969-2 
252868-1 


252868- 1 
893648-2 
727969-16 
127969-4 
252868-1 


82283-111 
82283-78 
82283-65 
8 2283-86 
82283-98 
8 2283-65 
82283-74 
82283-98 
82283-90 
82283-71 
8 2283-98 
82283-90 
82283-65 
82283-215 
8 2283-208 
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mica, 4700 wuf +10%, 500 v char ‘'B” 
mica, 2700 puef +1%, 500 v 
paper, 0.1 wf +10%, 400 v 
paper, 0.22 wf +10%, 400 v 
electrolytic, 10/10 wf 450 v 
mica, 6800 wuf +10%, 500 v char “B” 
paper, 0.1 wf +10%, 400 v 
paper, 1 pf, +10%, 100 v 
ceramic, 10,000 wef -20 +100%, 450 v 
Not Used 
electrolytic, 5 wf 450 v 
paper, 0.47 wf 110%, 400 v 
paper, 1 wf +10%, 100 v 
Diode: type 1N54A 
Diode: type 1N2069 
Lamp: indicator 
Fuse: 3/4 A 250 v 
Filter: electrical, 240 cycle 
Connector: coax, chassis mtg. 
Connector: female, 8 contacts 
Connector: coax, chassis mtg. 
Connector: female, 6 contact 
Connector: coax, chassis mtg, 
Connector: female, 12 contacts 
Connector: male, 6 contact 
Connector: coax, chassis mtg. 
Relay: 3 P.D.T. 
Relay: D.P.D.T. 
Not Used 
Relay: 3 P.D.T. 
Coil: 1.25 H 26 MA 
Not Used 
Coil: 15/60 millihenry 
Connector: coax, cable mtg. 
Connector - only 
Adapter - solder type 
Connector: male, 8 contact 
Connector: coax, cable mtg. 
Connector: male, 6 contacts 
Connector: coax, cable mtg. 
Connector: coax, cable mtg. 
Connector - only 
Adapter - solder type 
Connector: male, 12 contacts 
Connector: female, 6 contacts 
Connector: coax, cable mtg. 


RESISTORS: 

Fixed, Composition ~ unless otherwise specified 
10 ohms, +5%, 4%w 
22,000 ohms +10%, % w 
1800 ohms, +10%, %w 
100,000 ohms, +10%, Kw 
1 meg +10%, %w 

1800 ohms, +10%, 4% w 
10,000 ohms, +10%, 4% w 
1 meg +10%, %w 

220,000 ohms, +10%, %w 
5600 ohms, +10%, % w 

1 meg +10%, %w 

220,000 ohms, +10%, %w 
1800 ohms, +10%, % w 
220,000 ohms, +5%, 4%w 
110,000 ohms, +5%, % w 
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90496-82 47,000 ohms, +10%, 1 w 
82283-56 330 ohms, +10%, % w 
82283-90 220,000 ohms, +10%, %w 
82283-98 1 meg 10%, %w 
99126-79 27,000 ohms, +10%, 2w 
8 2283-90 220,000 ohms, +10%, %w 
82283-81 39,000 ohms, +10%, % w 
82283-70 4700 ohms, +10%, % w 
82283-98 1 meg +10%, % w 
82283-102 2.2 meg +10%, %w 
9 9126-78 22,000 ohms, +10%, 2 w 
82283-98 1 meg +10%, % w 
82283-54 220 ohms, +10%, % w 
82283-78 22,000 ohms, +10%, % w 
82283-54 220 ohms, +10%, % w 
82283-87 120,000 ohms, +10%, % w 
8971860-110 variable, comp., 10,000 ohms, +10%, 2 w 

Not Used 
82283-70 4700 ohms, +10%, % w 
82283-98 1 meg +10%, % w 

Not Used 
82283-191 22,000 ohms, +5%, % w 
82283-82 47,000 ohms, +10%, %w 
8 2283-90 220,000 ohms, 410%, % w 
82283-84 68,000 ohms, +10%, % w 
82283-163 1500 ohms, +5%, %& w 
82283-181 8200 ohms, +5%, % w 
82283-94 470,000 ohms, +10%, % w 
82283-175 4700 ohms, +5%, % w 
82283-90 220,000 ohms, +10%, % w 
82283-64 1500 ohms, +10%, % w 
82283-133 82 ohms, +5%, %w 
8971860-104 variable, comp., 250 ohms, +10%, 2 w 
82283-62 1000 ohms, +10%, % w 
82283-86 100,000 ohms, +10%, % w 
82283-62 1000 ohms, +10%, % w 

205044 8971860-114 variable, comp., 100,000 ohms, +10%, 2 w 
82283-86 100,000 ohms, +10%, % w 
102241 993008-101 wire wound, 10,000 ohms, +5%, 10 w 

82283-135 100 ohms, +5%, 4 w 
90496-82 47,000 ohms, £10%, 1 w 
82283-64 1500 ohms, +10%, % w 
82283-98 1 meg +10%, % w 
99126-86 100,000 ohms, +10%, 2 w 
82283-86 100,000 ohms, +10%, % w 
82283-98 1 meg +10%, 4% w 
82283-93 390,000 ohms, +10%, % w 
82283-103 2.7 meg +10%, % w 
99126-73 8200 ohms, +10%, 2 w 

Not Used 
90496-62 1000 ohms, +10%, 1 w 
8 2283-153 560 ohms, +5%, % w 
90496-80 33,000 ohms, £10%, 1 w 
82283-94 470,000 ohms, +10%, % w 
82283-78 22,000 ohms, +10%, 
82283-62 1000 ohms, +10%, % 
82283-70 4700 ohms, +10%, % 
82283-71 5600 ohms, +10%, % 
99126-79 27,000 ohms, +10%, 
99126-78 22,000 ohms, +10% 2 w 
90496-77 18,000 ohms +10%, lw 
82283-100 1.5 meg +10%, % w 
82283-98 1 meg +10%, 4% w 
82283-82 47,000 ohms, +10%, % w 
82283-98 1 meg +10%, 4% w 


R84 

R85 

R86 

R87 

R88 

R89 

R90 

R91 

R92 

R93 

R94 

R95 

R96 

R97 

R98 

R99 

R100 

R101 

R102 

R103 
R104 
R105 

R106 

R107 

R108 

R109 

R110 

Rlll 
R112,R113 
R114 
R115 
R116, R117 
R118, R119 
R120 

R121 

R122 

R123 

R124 

R125 

R126 

R127 

R128 

R129 

R130 

R131 

R132 

R133 
R134, R135 
R136 

R137 

R138 

R139 
R140 

R141 

R142 
R143, R144 
R145 

R146 to R148 
R149 
R150,R151 
R152 

R153 
R154 
R155 

R156 


99658 
220197 
96535 


93175 


211036 


98077 


213655 
219197 


219728 


221703 


82283-82 
82283-71 
90496-79 
99126-78 
90496-77 
82283-1060 
82283-62 
82283-207 
82283-86 
82.283-82 
82283-159 
82283-90 
82283-104 
99126 -76 
8971860-102 
990185-522 
993008-95 
8 2283-88 
82283-69 
8971860-110 
82283-62 
990185-618 
99126-80 
82283-59 
82283-100 
82283-86 
82283-95 
82283-62 
897 1860-113 
82283-80 
82283-198 
82283-86 
90496-111 
82283-94 


82283-87 


82283-86 
82283-189 
82283-98 
8971860-113 
82283-82 
990185-389 
990185- 325 
82283-74 


82283- 233 
82283-62 
82283-81 
8 2283-66 
82283-93 
82283-74 
82283-132 
8 2283-56 
99126-52 


82283-60 
82283-86 
82283-68 
8945608-198 
82283-233 
82283-225 
82283-67 
90496-62 
8945608- 201 


47,000 ohms, +10%, % w 
5600 ohms, +10%, % w 
27,000 ohms, +10%, 1 w 
22,000 ohms, +10%, % w 
18,000 ohms +10%, 1 w 
1.5 meg £10%, % w 

1000 ohms, +10%, % w 
100,000 ohms, +5%, % w 
100,000 ohms, +10%, % w 
47,000 ohms, +10%, % w 
1000 ohms, +5%, % w 
220,000 ohms, +10%, % w 
3.3 meg 410%, % w 
15,000 ohms, +10%, 2 w 


variable, comp., 100 ohms, 


film, 165,000 ohms, +5%, 


wire wound, 5000 ohms, +5%, 


150,000 ohms, +10%, % w 
3900 ohms, +10%, %w 


variable, comp., 10,000 ohms, 


1000 ohms, +10%, % w 
film, 1.5 meg +1%, % w 
33,000 ohms, +10%, 2 w 
560 ohms, +10%, % w 

1.5 meg +10%, %w 
100,000 ohms, +10%, % w 
560,000 ohms, +10%, % w 
1000 ohms, +10%, % w 


variable, comp., 50,000 ohms, 


33,000 ohms, +10%, %w 
43,000 ohms, +5%, % w 
100,000 ohms, +10%, 
10 ohms, +5%, lw 
470,000 ohms, +10%, 
Part of XDS2 

120,000 ohms, +10%, } 
Part of XDS1 

100,000 ohms, +10%, 
18,000 ohms, +5%, % 

1 meg +10%, % w 


variable, comp., 50,000 ohms, 


47,000 ohms, +10%, % w 


film, 8250 ohms, +1%, %w 
film, 1780 ohms, +1%, %w 


10,000 ohms, +10%, % w 
Not Used 

1.2 meg +5%, ’%’w 

1000 ohms, +10%, % w 
39,000 ohms, +10%, % w 
2200 ohms, +10%, % w 
390,000 ohms, +10%, % w 
10,000 ohms, +10%, % w 
75 ohms, £5%, %w 

330 ohms, +10%, %w 

150 ohms, +10%, 2 w 

Not Used 

680 ohms, +10%, %w 
100,000 ohms, +10%, %w 
3300 ohms, +10%, % w 
film, 33,200 ohms, +1%, 
1.2 meg +5%, ’%w 
560,000 ohms, +5%, 4% w 
2700 ohms, +10%, % w 
1000 ohms, +10%, 1 w 
film, 1.10 meg +1%, 4 w 


CS-39 


CS-40 


R157, R158 8 2283-60 680 ohms, +10%, % w 
R159 90496-80 33,000 ohms, +10%, 1 w 
R160 82283-94 470,000 ohms, +10%, %w 
R161 82283-82 47,000 ohms, +10%, % w 
R162 90496-74 10,000 ohms, +10%, 1 w 
R163 82283-74 10,000 ohms, 410%, %w 
R164 82283-72 6800 ohms, +10%, % w 
R165 82283-92 330,000 ohms, +10%, %w 
R166 82283-86 100,000 ohms, +10%, 4% w 
R167 , R168 82283-60 680 ohms, +10%, % w 
R169, R170 2197 28 8945608-198 film, 33,200 ohms, £1%, 2 w 
R171 212133 8971860-120 |variable, 2.5 meg +20%, 2 w 
R172,R173 215169 990185-301 film, 1000 ohms, +1%, % w 
R174, R175 82283-98 1 meg +10%, %w 
R176 221703 8945608-201 film, 1.10 meg +1%, % w 
R177 97961 8971860-117 variable, 500,000 ohms, +10%, 2 w 
R178 82283-60 680 ohms, +10%, % w 
R179 82283-68 3300 ohms, +10%, %w 
R180 99126-82 47,000 ohms, £#10%, % w 
R181 82283-102 2.2 meg +10%, 4% w 
R182 82283-50 100 ohms, +10%, % w 
R183 90496-74 10,000 ohms, +10%, 1 w 
R184 82283-60 680 ohms, 410%, % w 
R185 82283-93 390,000 ohms, +10%, %w 
R186 82283-55 270 ohms, +10%, %’w 
R187 82283-169 2700 ohms, +5%, % w 
R188 82283-213 180,000 ohms, +5%, % w 
R189, R190 82283-86 100,000 ohms, +10%, 4% w 
R191 82283-94 470,000 ohms, +10%, % w 
R192 82283-55 270 ohms, +10%, %w 
82283-213 180,000 ohms, +5%, % w 
82283-169 2700 ohms, £5%, %w 
8 2283-50 100 ohms, +10%, % w 
82283-225 560,000 ohms, +5%, %w 
82283-54 220 ohms, +10%, % w 
59509 8861341-1 Switch 
204051 206468 -2 Transformer: audio 
51936 895314-1 Transformer: coupling 
58619 895326-4 Transformer: filament 
51936 895314-1 Transformer: coupling 
TPl to TP17 208983 8825493-7 Jack: tip, yellow 
XADS1, XASD2 208080 990788-507 Jewel: indicator light 
XDS1, XDS2 208458 990789-5 Socket: indicator light 
48894 99088-2 Holder: fuse 
9915 746008-8 Socket: relay 11 pin 
68590 99100-4 Socket: relay 8 pin 
Not Used 
9915 746008-8 Socket: relay 11 pin 
94925 737867-14 Socket: tube, 7 pin 
94926 737870-14 Socket: tube, 9 pin 
XV5, XV6 94925 737867-14 Socket: tube, 7 pin 
XV7 to XV22 94926 737870-14 Socket: tube, 9 pin 


— 


VOLTAGE CHART — CAPSTAN SERVO 


All voltages are dc unless otherwise noted. 


0 to ,L 
150 
15.0 
280 
+.1 to —1.2%8 


—.5 to —.6 
—.63 


* Do not measure, servo system will lose lock. 
** Fluctuates. 
+ —75 V to ground 6.3 V AC across filaments. 


Symbol | Mode 
4.2 GND 


INOTE: Voltages taken with respect to chassis ground and with vacuum tube voltmeter (VTVM). 


6.3AC | 270 150 4.2 — = 
— 4.5 150 _ 4.5 = — 
6.3AC | GND 280 15.0 280 0 
GND GND 165 _ 1.75 6.3AC 
6.3AC | 61.0 — —14 to —14.4 | — —_ 
61.0 — 13.5 _— — 
GND 275 +.5 to —1.0%* | +.54%% | 6.3AC 
GND 29.0 —12.6 — 6.3AC 
GND 52.0 83 1.5 6.3AC 
7 220 —51.0 —23 + 
a 
+ 1.8 0 95.0 137 
+ 190 —.5 +,58 


—.63 
1.3 

GND 
GND 


6.3AC 
6.3AC 
6.3AC 
6.3AC 


6.3AC | 275 


6.3AC | 275 
6.3AC | 2380 
* 


—148 
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Figure \CS-22. Schematic Diagram, Capstan Servo Chassis 
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Figure RG-1. 


Reference 


Generator 


TECHNICAL DATA 


| Power Required 


(with taps for 105v or 125v) 


i 
| 
117 V AC, 66 cycies, .180 amp, 21 watts from C.B. #4 | 
| 
| 


| Outputs 
Reference Pulse: —4v = .5v, 60 pps, 260 microseconds 
wide (= 50) 
Syne fer Picture Monitor 103: —3.75v = Sv 


Frame Pulse: +4v © Sy, 30 pps, 60 microseconds 
wide (adjustable) 


Inputs 
Separated Sync: —4v © Sv 
Local Syne: —dv = .5v 
Fuse 


14 amp, 34G slo blo 


Lamps 
2 NE-51 


Transistor and Diode Complement 


L 2N581 L IN1524A 
1 2N582 1 IN461 

4 2N585 3 1N2096 
2 2N404 9 IN96 
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DESCRIPTION 


The Reference Generator, unit 407, provides the 
System with the main timing reference pulse of 69 
pps which is used in the Headwheel Servo, unit 304, 
to contro! the speed of the headwhee! motor in either 
RECORD or PLAYBACK mode of operation, In 
the RECORD mode of operation, the Reference Gen- 
erator also provides a 30 pps frame pulse which is 
added to the control track signal in’ the Capstan Servo, 
unit 404, and recorded on the tape to indicate the 


proper cutting point in tape splicing operations, 


As shown in figure RG-I, three modules are 
plugged into the generator chassis. Module Al pro- 
vides the reference pulse and a sync output signal for 
the Picture Monitor, unit 1@4. Module A2 provides 
the 30 pps frame pulse. Test Module A5, mounted 
in the center, mounts either Module Ai or A2 at a 
convenient distance from the chassis for testing and 


servicing. 


The Reference Generator, unit 407, connects into 


the system as follows: 


Reference Generator System Unit 
Output Designation Unit Designation Input 
jie 60 REF OUT Headwheel Servo (504) REF PULSE ji 
Jin FRAME PULSE OUT Capstan Servo (404) FRAME PULSE INPUT Ji 
ji2 MON SYNC OUT Picture Monitor (1@3) EXT SYNC 3 
Input | Designation Unit Designation aa 
J8* SEP SYNC IN 2 Xt Switcher (309) SYNC OUT J8 COutpud 
thru Jo Loop thru to > Burst Oscillator (605) SYNC IN jJ2 Cinput) 
(Color System) 
j7* LOCAL SYNC IN Local Station Equipment SYNC Output 
thru J6 Loop thru to -> CRO Waveform Monitor (308) EXT SYNC Input 


* J9 and JG are spare jacks for bridging the line to supply syne to other system units or for 75-ohm termination. 


Circuit Description 

The Reference Generator consists of two pulse 
forming modules, Al and A2, a Test Module A5, 
two relays K1 and K2, a self-contained power supply 
and a transistor circuit to invert the frame pulse. 
Refer to figure RG-17 for the chassis schematic. 

In the RECORD or SETUP mode of operation, 
selected on the System Control Panel, relay K1 is 


normally energized and selects separated sync as the 
primary timing waveform. On the System Control 
Panel, this selection is made by the RECORD LOCK 
switch, position SIG-SYNC. However, local sync may 
be selected by this same switch, position GEN SYNC, 
when it seems desirable because several program 
sources are being used. With local sync selected, relay 
KI is deenergized; relay K2 is always deenergized in 
the record mode of operation. 


RG-4 


In the PLAYBACK or STANDBY mode of opera- 
tian, selected on the System Controi Panel, relay K1 
is deenergized and selects local sync to appear at 
Module Ai fer generation of a monitor syne output. 
Relay K2 is deenergized when local sync is selected 
for timing of the reference pulse. On the System Con- 
trol Panel, this selection is made by the PLAYLOCK 
switch, position GEN SYNC. When local sync is 
not available or the local sync generator may have 
failed, line sync may be selected by the PLAYLOCK 
switch, position LINE SYNC. In this position, relay 
K2 is energized. The reference pulse is then triggered 
directly from the reference generator 60-cycle power 
line. The 60-cycle sine wave voltage is applied to a 
pulse forming network, diodes CR5 and CR6 and 
resistor R11 and -capacitor C8. The output trigger 
pulse from the power line pulse-forming network 
is then applied directly to the multivibrator of 
Module Al. 


Medule Al 

As shown in the schematic diagram for Module Al, 
figure RG-17, the sync input signal is applied to the 
base of the emitter follower Q1 through diode CRI. 
This diode, biased through Ri in the base circuit 
keeps the transistor from loading down the input 
sync line when power is removed. The sync output 
from the first stage Q1 supplies approximately 3.75 
volts of sync to the Picture Monitor, unit 103, and to 
the frame pulse generator Module A2. The same pulse 
is applied to the sync separating circuit L1, C2, R3, 
which simultaneously differentiates, integrates and 
sums the integral and differential. 


Due to the differentiating action, sharp spikes ap- 
pear at the leading and trailing edges of the hori- 
zontal sync pulses, equalizing pulses and vertical 
pulses. Because of the integration and summation of 
the two, the spikes are offset during the vertical sync 
pulse interval. Observe the waveform in figure 
RG-14D. Network Ri4 and CR2 sets the level so 
that only the negative going spikes during the vertical 
sync pulse interval have sufficient amplitude to trigger 
the reference pulse multivibrator, Q2 and Q3. This 
multivibrator, a complementary-symmetry monostable 
type, drives the coax output line directly. In the 
stable or untriggered state, both transistors are cut- 
off; in the triggered state, both are driven to satura- 
tion by the first negative spike in the vertical pulse 
interval which coincides with the leading edge of 
the second vertical pulse. The width of the pulse is 
determined primarily by the time constant R8 and C3, 
The collector load of Q3 is the 75-ohm coaxial line- 
termination. Transistor Q3 acts as a switch which 
connects the —4 volt supply to the 75-ohm termina- 


tion to produce a ~-4 volt output or reference pulse, 


266 microseconds in width, 66 pps. 


Module AZ 

In the Module A2, the sync signal from Module Al 
is applied through the differentiating network Ri 
and Ci and the steering diode CRi to the base of 
Qi. Only negative spikes are transmitted through 
CR1. In the monostable multivibrator Qi and Q2, Q1 
is conducting and Q2 is cutoff in the stable state. 
The duration of this stable state is determined by 
the time constant C3 in series with R4 and RG. The 
time constant is adjusted by R5, MV ADJ, so that 
Q1 remains cutoff slightly more than half of the hori- 
zontal period. The multivibrator triggers with every 
horizontal sync pulse and only with alternate equaliz- 
ing pulses or vertical serrations. Therefore, the multi- 
vibrator triggers at the leading edge of the first verti- 
cal sync pulse on field one and at the leading edge 
of the second vertical sync pulse on field two. The 
silicon diode CR3 provides temperature stabilization 
of the multivibrator by preventing the current Icbo, 
which varies with temperature, from flowing into the 
timing capacitor C3. Instead, the current flows into 
R3 at high temperature. The germanium diode CR2 
provides a path for R3 current at low temperatures. 


The multivibrator output at the collector of Q2 
is differentiated by C6 and R13, and the positive spike 
is clipped by CR5. This signal, consisting of a series 
of negative spikes, is applied to CR4, one input of 
the coincidence circuit. The reference pulse is dif- 
ferentiated by C7, R26 and applied to CR6, the other 
input of the coincidence circuit. When two negatives 
are applied simultaneously to the coincidence gate, 
CR4 and CRG, a negative output pulse is provided. 
This coincidence occurs at the leading edge of the 
second vertical sync pulse of field +2 (refer to 
figure RG-2) providing a negative 30 pps pulse. The 
steering diode CR7 blocks the positive spike which 
occurs at the trailing edge of the reference pulse and 
passes the 30 cycle negative trigger to the base of 
transistor Q3. 


The monostable, complementary-symmetry multi- 
vibrator, Q3 and Q4, is similar to the multivibrator in 
the Module Ai. Normally off, Q3 and Q4 are trig- 
gered on by the negative trigger output of the coinci- 
dence circuit. The frame pulse output from Q4 is a 
negative pulse at a 30 cycle rate which is set, approxi- 
mately, to a 60-microsecond width, by the adjustment 
of R24, WIDTH control. This pulse is inverted by 
transistor QI, mounted on the chassis, to provide a 
positive frame pulse output from the Reference 
Generator. 
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COINCIDENCE 
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Figure RG-2. Frame Pulse Timing 


Test Module A5 

The Test Module consists of two octal sockets 
wired together and mounted so as to bring four test 
points above the surface of the chassis for conven- 
ience in testing the overall performance or servicing 
the modules. Refer to the Maintenance section for 
the procedures. Figure RG-3 shows the wiring of 
the sockets, pin for pin. The test module connections 
to the relays, the two modules and chassis mounted 
components are shown in figure RG-17. 


Power Supply 
The Zener diode CRI regulates the power supply 
to —12 volts. The output of the rectifier CR4 is RC 


filtered by capacitors C1, C2, C3 and resistors R6, R7. 
With the exception of Cl and C2, these components 
are mounted on a small terminal board secured to 
the rear of the reference generator chassis. Refer to 
figure RG-4. The components, mounted on the termi- 
nal board and on the chassis and sockets, may be easily 
identified. Relays K1 and K2 are plug-in types which 
makes them easily accessible for trouble shooting, and 
have plastic covers keeping them free from dust. The 
relays, the transistor Q1 and related components are 
easily identified and. have been covered in ther func- 


tional relation to the modules. 
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Figure RG-3. Wiring Diegram for Test Module A5 


SETUP FOR OPERATION 


The Reference Generator (467) is mounted in 
Rack 4. Once installed, the operation of this unit 
consists primarily of checking for satisfactory per- 
formance. 


With the system in the SETUP position, before 
selecting RECORD or PLAYBACK mode, check for 
the presence of a reference pulse by pressing the REF 
PULSE pushbutton on the CRO/Monitor Switcher, 
unit 307. A waveform such as is shown in figure 
RG-5B should appear on the CRO Waveform Moni- 


System Control Panel 


tor, unit 306. If no pulse appears, check the Refer- 
ence Generator referring to the procedures in the 
Maintenance section. 


With the presence of a reference pulse assured, 
select the mode and application of the reference gen- 
erator desired from the system control panel. In the 
RECORD mode, the RECORD LOCK toggle switch 
provides a choice of sync; in the PLAYBACK mode, 
the PLAY LOCK toggle switch provides a choice of 
sync. The following chart indicates the reference 
generator functions corresponding to the System 
Control Panel designations: 


Reference Generator 


Mode 


RECORD SIG SYNC 
or RECORD T 

SETUP LOCK Hg 

GEN SYNC 


GEN SYNC 


PLAYBACK 
or PLAY 


LOCK i 


STANDBY h 
LINE SYNC 


Syne Selecter 


Separated Sync 


Local Sync 


Lecal Sync K1 deenergized; K2 deenergized 


Line Syne KI deenergized; K2 energized 


The following charts may be used for reference when making a pre-operating check of the system or when 
checking the reference generator for routine maintenance. 
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REFERENCE GENERATOR CHASSIS (FRONT) 


Designation | Symbol Function 


Tesi Module 


SYNC | TPi (Yel) Test point for checking the input sync | 
REF | TP2 (Yel) | Test point for checking the reference pulse 
FRAME | TP3 (Yel} Test point for checking the frame pulse 
—12V [ TP4 (Red) Test point for measuring the power supply output DC voltage 
Module Al (Mounted on Test Module} i 
SYNC IN TPt Test point for checking sync input 
| REF PULSE | TP2 Test point for checking the reference pulse 
| MON SYNC TP3 Test point for checking the syne output 
Ane a a 2, on ee US oe Se in tat eee ee 
Module AZ (Mounted on Test Module) 
SYNC IN TPi | Test point for checking sync input ; 
|; FRAME PULSE TP2 Test point for checking frame pulse in module A2 
HORIZ MV i= TP3 Test point for checking 15.75 kc multivibrator pulse 
Adjustments en Module A2 


WIDTH R24 Screwdriver adjustment; adjusts width of frame pulse as viewed on oscillo- 
socpe, TP2 
MY ADJ RS Screwdriver adjustment; adjusts multivibrator Qi as viewed on oscilloscope, 
HORIZ MV, TP3 
Chassis 
POWER ON DSt Indicator glows when power is ON 
NE-51 
BLOWN FUSE DS2 Indicator glows when fuse has blown 
NE-S1 
REFERENCE GENERATOR CONNECTORS (REAR CHASSIS) 
| Symbol Location | Function 
| jt Chassis For mounting Module Al on chassis 
| 
| j2 Chassis For mounting Module A2 on chassis | 
ab Chassis For mounting Test Module A5 on chassis 
J6 Rear RH Input for syne signal from local station auxiliary equipment 
LOC SYNC Bracket 
j7 Rear RH Spare jack for bridging line to supply sync to other equipment such as the CRO 
LOC SYNC Bracket (306) or for 75-ohm termination 
Js Rear RH Input for separated sync signal from the 2 x § Switcher (309) 
SEP SYNC Bracket 
Jo Rear RH Spare jack for bridging line to supply sync to other equipment or for 75-ohm 
SEP SYNC | Bracket termination 
jie Rear LH Output of Module Al (P1-3) 
REF PULSE Bracket 
ji Rear LH Output of Module A2 (thru Q1-C) 
FRAME PULSE Bracket 
ji2 Rear LH Output of Module Al (P1-6) 
MON SYNC Bracket 
Ji3 Rear LH 6-contact receptacle or AC Cord plug; pins 9-11 to relay Ki; pins 9-10 to relay 
Bracket K2; pin 12 to ground; pins 7-8 to AC outlet 
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C3 
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JIS Fl CR4 
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Figure RG-4. Reference 


Generator Rear View (Photo 109199) 


MAINTENANCE 


‘The Reference Generator is designed to be adjusted 
and serviced conveniently while installed in a rack. 
During a routine check of the system, check the test 
points of the Test Module and connect the Type 535 
oscilloscope according to the individual precedures 
given for each module and for the chassis, Compo- 
nents may be easily replaced on the chassis; the plug- 
in module units are easily removed if further servicing 
should be necessary. 


Replacement of Fuse 


The indicator light DS2 glows when the fuse FI is 
blown. Be sure to replace with a fuse of equivalent 
rating, 3AG !4 amp slo blo. 


Replacement of Transistors 

When a defective transistor is indicated, be sure to 
observe all of the following precautions for the 
removal and replacement of transistors: 

1. Remove power before removing or replacing 
a transistor. 

2. Avoid improper insertion of the replacement 
transistor. 

3. AVOID EXCESSIVE HEAT. 

4. Use a small soldering iron. 

5. DO NOT USE RXI scale of the ohmmeter; 
junction could be damaged. 


6. Avoid accidental short circuits. Note that there 
is no warning of a short as in the tube circuits. 


Setup for Type 535 Oscilloscope 
All of the illustrations showing the waveferms 
(with one exception, figure RG-7), taken at desig- 
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nated test points on the reference generator as well 
as point to point checking of each module, were made 
with the Type 535 ascilloscope set up as follows: 


i. Place the Tape System in the SETUP positien 


on the Control! Panel, unit 305, 


2. Check to assure the presence of a reference pulse: 
if a reference pulse is available, connect the reference 
pulse output Pi-3 to the EXT SYNC on the scope. 
Cf ne reference pulse appears, trigger the oscilloscope 
with sync.) 


3. Trigger the B Channel trace. 


4. Use the A DELAYED B position to expand 
the B trace to show detail and timing. 


5. Set the A TIMING to 5@ microsece@nds. 


6. In most cases, a dual trace preamp is used so 
that input sync is displayed as a timing reference at 
the top of the photograph. The second input is 
set to the DC position and a voltage reference for 
that signal only is indicated in the photograph. 


Checking Test Module A5 


The Test Module is supplied to facilitate overall 
testing of the reference generator. This plug-in type 
module is normally seated in the octal socket between 
Module Al and Module A2 on the reference genera- 
tor chassis as shown in figure RG-1. In this position 
the four test points are easily available above the 
chassis surface. With the oscilloscope Type 535 con- 
nected as stated in the paragraph Setup for Type 535 
Oscilloscope, the waveform at test points TP1, TP2, 
and TP3 should be as shown in figure RG-5. 


A. TP-1 SYNC Iv/division. 


B. TP-2 REF 2v/division. 


C. TP-3 FRAME 2v/division. 


Figure RG-5. Waveforms at Test Points on Test Module A5 
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Checking Medules Al and A2 

For checking Modules Al and A2. the Test Module 
serves as a platform, elevating and rotating the 
module 90 degrees, as shown in figures RG-5 and -6. 
Remove the module co he tested and insert the Test 
Module in the empty socket: then plug the selected 
module into the test module, rotating the unit 90 
degrees so that the designation for the test points 
on the test module are covered, The three designations 
on the cover of each module now line up with each 
test point. For point to point checking or replacement 
of parts while in this position, the cover may be 
removed by removing the four screws securing it to 
the module base plate. Refer to figures RG-10 and -12. 


For Module Al, the waveforms for each of the 
functions designated on the side of the cover are 
shown in figure RG-11. For point to point checking 
including related chassis components, the waveforms 
are shown in figure RG-14. Relay sockets and all 


A. P2-6 MY ADJ 2v/division. 


jacks may be easily reached from the rear of the refer- 
ence generator chassis as shown in figure RG-4. 


For Module A2, the waveforms for each of the 
functions designated on the cover are shown in figure 
RG-13. Waveforms for the MV ADJ] and WIDTH 
adjustments are shown in figure RG-6. For point to 
point checking including related chassis components, 
the waveforms are shown in figures RG-15 and RG-16, 


Playback with Locked Line Sync 

When the PLAYBACK mode ts selected with LINE 
SYNC on the System Control Panel, unit 3@5, the 
syne input comes from the generator self-contained 
power supply through the pulse forming network to 
Pi-4 of Module Al. The waveforms shown in figure 
RG-7 were observed with the Type 535 oscilloscepe 
changed from the A DELAYE®B B position to the 
B only position and with B TIMING set at 5 milli- 
seconds. The oscilloscope was triggered internally 
from LINE. 


B. P2-3 WIDTH 2v/division. 


Figure RG-6. Waveforms for M¥ ADJ and WIDTH Adjustments of Moduie Az 


A. On R.G. cathode of CR5, CR6; 20v/ B. On R.G. anode of CR6; Iv/division; C. On R.G. relay K2-3, .5v/divisian; 


division; oscilloscope at 5 micro- 
seconds, LINE. 


oscilloscope at 5 microseconds, LINE. 


oscilloscope at 5 microseconds, LINE. 


Figure RG-7. Waveforms for Checking Reference Generator in PLAYBACK, LINE Operation 


RG-11 
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Figure RG-8. Test Module A5 in Position for Testing Module A2 


Figure RG-9. 
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Test Module in Position for Testing Module A2 with Cover Removed 


RG-i2 
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Figure RG-10. Module Al with Cover Removed 
B. TP-2 REF 2v/division. C. TP-3 MON SYNC Iv/division. 


A. TP-1 SYNC IN Iv/division. 


Figure RG-TT. 


Waveforms at Test Points for Module Al 
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Figure RG-12. Module AZ with Cover Removed 


A. TP-1 SYNC IN Iv/division. B. TP-2 REF 2v/division. C. TP-3 MON SYNC Iv/division. 


Figure RG-13. Waveforms at Test Points for Module AZ 


RG-14 


A. Local Syne at J6/J7; SYNC IN at Al, B. At Q1I-B on Module Al, tv/division. 
P1.5, Iv/division. 


C. On Al at QI-E; MON SYNC OUT at 
P1-6 on A5, P5-4, J1-4; on R.G., MON D. At cathode of CR3, 2v/division. 
SYNC OUT at J12; SYNC IN on A2 
at P2-5; Iv/division. 


E. On Al, anode of CR3; plug P1-8 and F. On Al, collector of Q2: 2v/division. 
PI1-4 (thru K2); base of Q2; .5v/ 
division. 


H. On Al collector of Q3, REF PULSE 
OUT P1-3; on A5, P5-3/J1-3; on R.G. 
REF PULSE J10; 2v/division. 


G. On Al, base of Q3; Iv/division. 


Figure RG-14. Waveforms for Point to Point Checking of Module Al 
Including Related Chassis Components 


A. Gn A2, cathode of CRI; 2v/division. B. On A2, bose of Q1; .5v/division. 


C. On A2, collector of Q! and base of D. On A2, collector of Q2 and plug 
Q2; 2v/division. P2-6, MV ADJ; 2v/division. 


E. On A2, onode of CR4; 2v/division. F. On A2, onode of CR6; 2v/division. 


G. On A2, cathodes CR4, CR6 and CR7; 
2v/division. 
Figure RG-15. Waveforms for Point to Point Checking of Module A2 
Including Related Chassis Components 


RG-16 


H. On A2, anode of CR? and base of f. On A2, collector of Q3; 2v/division. 
Q3; .5v/division. 


J. On A2, base of Q4; Iv/division. K. On A2, collector of Q4 and plug of 
P2-3 FRAME PULSE OUT; 2v/division. 


L. On A2 at plug P2-3 with oscilloscope M. On R.G. base of QT; .5v/division. 
A TIMING set at 5 microseconds; 
2v/division. 


N. On R.G. collector of QI and JI1 
FRAME PULSE; Iv/division. 


Figure RG-16. Waveforms for Point to Point Checking of Module AZ 
Including Related Chassis Components 
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CHASSIS ASSEMBLY 8974481~503- 


LIST OF PARTS 


REFERENCE GENERATOR 8974481 -503 


Description 


RG-17 


C1A,B/CZA,B 2040656 458 558-55 Capacitor: electrolytic, 200/200 nf 156 v 
C3 212553 8959154- 166 Capacitor: electreiytic, 50 wf 50 ¥ 
C4 to CT 8811182-5 Capacitor: ceramic, 10,000 put -26 +106%, v 
C8 219411 737818-492 Capacitor: paper, 0.068 wf +#10%, 100 ¥ 
Cg 214465 8959154-415 Capacitor: electrolytic, 100 wf 15 ¥ 
C10 79784 8958264-10 Capacitor: electrolytic, 100 wf 12 v 
CRI 219887 Diode: Reference, 1N1524A 
CR2, CR3 Not Used 
CR4, CRS, CR6 218612 Diode: type 1N2069 
DS1, DS2 101857 872291-9 Lamp: indicator 
Fl 212327 990157 -106 Fuse: 1/2 a 250 v 
J1,J2 68590 99100-4 Connector: octal,,8 contacts 
J3, 04 Not Used 
J5 68590 99100-4 Connector: octal, 8 contacts 
J6 to Ji2 51800 255223-2 Connector: coax 
J13 51604 727969-3 Connector: male, 6 contacts 
Kl, k2 218223 460355-6 Relay: 24 ¥ D.C. 3 P.D.T 
Pl to PS Not Used 
P6 to PS 66344 252868-1 Connector: coax, cable mtg. 
P9 210715 8909771-501 Connector: male, coax termination 
P10,Pil Connector: coax, cable mtg. 

66344 252868-1 Connector - only 

54246 893648-2 Adapter - solder type 
P12 66344 252868-1 Connector: coax, cable mtg. 
P13 51607 727969-4 Connector: female, 6 contacts 
Ql 223366 Transistor:  2N404 

BST SPORS: 
Fixed, Composition - Uniess otherwise specified 

Rl 82283-67 2700 ohms, +10%, % w 
R2 Pt. of XDSI 
R3 82283-87 120,000 ohms, +10%, 4% w 
R4,R5 Not Used 
R6, R7 206041 8909085- 12 wire wound, 250 ohms, +10%, 5 w 
R8& 82283-54 220 ohms, +10%, 4% w 
R9 82283-83 56,000 ohms, +10%, % w 
R10 Pt. of XDS2 
Ril 82283-59 560 ohms, +10%, % w 
R12 82283-54 220 ohms, +10%, 4 w 
R13,R14 82283-161 1200 ohms, 4#5%, % w 
RLS 82283-135 100 ohms, 4#5%, 4% w 
Ti 218621 8441371-1 Transformer: filament 
XADS1, XASD2 208080 990788- 507 Jewel: indicator light 
XDS1, XDS2 208458 990789- 5 Socket: indicator light 
XFL 48894 99088-2 Holder: fuse 
XK1,XK2 9915 746008-8 Socket: relay 


ASSEMBLY 8979781-502 _ 


MODULE Al 


Capacitors: 


205117 737818-335 paper, 0.22 wf £10%, 100 v 
212983 737818-489 paper, 0.022 pf +10%, 100 v 
209076 737818-493 paper, 0.1 pf +10%, 100 v 
218615 8959154-174 |electrolytic, 10 wf 12 v 
214465 8959154-415 |electrolytic, 100 wf 15 v 
218615 8959154-174 |electrolytic, 10 wf 12 v 
218614 8959154-129 |electrolytic, 100 pf 6 v 


CRI to CR3 208380A }-Diode: type 1N96 
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“Symbol No. 


RI 

R2 

R3 
R4,h5 
RG 

R7 

R8 

R9 

R10 

Ril 
R12,R13 
Ri4 

R15 

XO] to X03 


~T Stock No. 


218608 
218626 
22337) 
223366 
223379 


218618 


Cl 

C2 

C3 

C4 

C5 

C6 to C8 
C9 

C16 

CLT 

C12 

CRI ,CR2 
CR3 

CR4 to CR? 
P2 

QI, Q2 

Q3 

O4 


R 
R2 
3 
R4 
RS 
R6 
R7 
RB, RY 
Rio 
RI 
R12 
R13 
R14 
RIS 
R16 
R17 


Drawing No. 


8950364-501 
8978057~1 


722300-170 
722300-€6 
722300-151 
722300-62 
722300-163 
722300-60 
722300-67 
722300-157 
722300-134 
722300-151. 
722300-129 
722300-82 
722300-173 
8707294-5 


ili rice mnt — ps — 


MODULE A2 ASSEMBLY 8979751-502 _ 


Description 


tte A ASSAF NPY ENROL BOP eCPM Oceanport 


Coil: 1 
Connector: male, 
Transistor: 2N5 

Transistor: 
Transistor: 


microhenry 
8 contacts 


RESISTORS: 

Fixed, Composition ~- Unless otherwise specified 
3000 ohm £5%, 4% w 

2200 ohms, +10%, 4% w 

470 ohms, +5%, 4% w 

1000 ohms, #10%, 4% w 

15600 ohms, £5%, 4% w 

680 ohms, +10%, % w 

2700 ohms, £10%, 4% w 

820 ohms, £5%, 4 w 
91 ohms, +5%, %& w 
470 ohms, £5%, 4% w 
56 ohms, +5%, 4% w 
47,000 ohms, £10%, 
3900 ohms, +5%, % w 


Socket: transister 


Aw 


205579 


218615 
218614 
212983 
218615 
218513 
218614 


2083804 
215669 
208380A 
218620 
223370 
223372 
223370 


218617 


8914319-339 
737818-333 

8924416-326 
8959154-174 
8959154-129 
737818-489 

8959154-174 
8959154-105 
8959154-129 
8914319-333 


8978057-1 


722300-172 
722 300-82 
722300-204 
722300-185 
8980004- 102 
722300-170 
722300-168 
722300-53 
722300-62 
722300-140 
722300-152 
7223€0-61 
722300-180 
722300-192 
722300-62 
82283-151 


CAPACITORS: 


mica, 430 wef £5%, 300 v 

paper, 0.1 wf +10%, 100 v 

mica, 5100 puf +5%, 300 v char “F” 
electrolytic, 10 wf 12 v 
electrolytic, 100 wf 6 v 

paper, 0.022 wf +10%, 100 v 
electrolytic, 10 wf 12 v 
electrolytic, 5 wf 25 v 
electrolytic, 100 wf 6 ¥ 


mica, 240 puf £5%, 500 v char ‘'F” 
Diode: type 1N96 
Diode: type 1N461 
Diode: type 1N96 


Connector: male, 8 contacts 


Transistor: 2N585 
Transistor: 2N581 
Transistor: 2N585 


RESIS#ORS: 

Fixed, Composition - Unless otherwise specified 
3600 ohms, £5%, 4 w 

47,000 ohms, +10%, 4% w 
75,000 ohms, +5%, 4% w 

12,000 ohms, +5%, 4% w 
variable, comp., 25,000 ohms, 
3000 ohms, +5%, % w 

2400 ohms, +5%, 4% w 

180 ohms, +10%, 4% w 

1000 ohms, +10%, \% w 

160 ohms, 5%, 4% w 
510 ohms, +5%, 4% w 
820 ohms, +10%, % w 
7500 ohms, +5%, '4 w 
24,000 ohms, +5%, 4% w 
1000 ohms, +10%, 4% w 
470 ohms, +5%, % w 


0,2 w 


"Symbol No. 


R18 
Ris 
R20 
R21] 
R22 
R23 
R24 
R25 
R26 
XQL 


7 2300-132 
722300-58 
722300-154 
722300 -60 
722300-127 
722300-62 
8980004-2 
722301-123 
722300-58 
8707294-5 


1000 ohms, #1 


7 pee iy iiss 


[75 ohms, £5%, 4 w 
470 ehms, +10%, % w 
1620 ohms, +5%, % w 
1680 ohms, £10%, % w 
147 elms, £5%, Aw 


variable, wir 
33 ohms, +£5%, 4 w 

470 ohms, £10%, ’% w 
Socket: transistor 


wound, 
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___TEST MODULE AS ASSEMBLY 8441319-502 _ 


8820973-15 
8978057-1 
8825493-7 


8825493-5 


| seen emneesrmensnsnststeccontarteonmnonineaan | 


Connector: tube, socket, 
Cennector: male, 8 centacts 
Jack: tip, yellow 

Not Used 

Jack: tip, blue 


8 contacts 
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Figure RG-17. Schemati¢ Diagrams for Reference Generator 


Chassis and Modules Al and A2 


___ ELECTRONIC RECORDING PRODUCTS __|_ 


—150 Volt Power Supply 


UNIT 405 


RADIO CORPORATION OF AMERICA 
INDUSTRIAL ELECTRONIC PRODUCTS, CAMDEN, N. J. 


PRINTE {B-31150 
BR 64I 


I ee 


Figure NPS-1. —150 Volt Power Supply, Front View 


TECHNICAL DATA 


Power Required 


117 volts, 50/60 cps, 910 watts 
(from circuit breaker No. 4} 


Power Supplied 


Output voltage: -—- 150 volts de 
(adjustable from —~-140 to —-160 volts) 


Output current: 400 ma (maximum) 


Ripple Voltage 


1.0 mv rms (maximum) 


Regulation 


a. 90 to 400 ma lead: 0% volt de maximum variation 
6. 107 to 130 volts ac line variation: “© AS volt de 
maximum variation 


Fuse 
5 amperes, 3AG 


Tube Complement 


15651 

1 -—6336A 
2 — 5RAGY 
2-— 12AX7 


DESCRIPTION 


The —150 volt regulated power supply (unit 405) 
is shown in Figure NPS-1. Its purpose is to provide 
approximately 230 milliamperes of current at —150 
volts de to the tone wheel amplifier (unit 505), guide 
servo (unit 506), and headwheel servo (unit 504). 
The output voltage of the unit is adjustable, and is 
essentially independent of load current or line voltage 


variations. 


Controls 

The controls on the front panel of the power 
supply consist of a POWER ON-OFF switch, OUT- 
PUT VOLTAGE screwdriver adjustment, and meter- 
ing switch (to permit selective metering of tube 
currents and output voltage and current). 


Circuit 

As shown on the schematic diagram, Figure NPS-3, 
the unit consists basically of a rectifier and voltage 
regulator circuit. 


The input line voltage is applied to power trans- 
former T1 through jack Ji (pins 6 and 7) in series 
with switch $1 and a 5 ampere fuse. (Lamp D82, 
which is a part of the fuse holder assembly XFi, 
lights only when the fuse is open.) Transformer Tt 
is connected for 117 volts ac operation, but taps are 
provided for line voltages above or below 117 volts. 


Two 5R4GY diodes (V1 and V2) provide full- 
wave rectification of the ac voltage applied by trans- 
former Tl. A choke input filter consisting of coil Li 
and capacitors C1A and C2 smooths the rectified 
voltage before it is fed to the series regulating circuit. 


The series regulating circuit includes a 6336A 
regulator tube (V3), a 5651 voltage reference tube 
(V6), and two 12AX7 voltage amplifier tubes (V4 
and V5). Regulation is accomplished in the following 


manner: 


Whenever an instantaneous change in output volt- 
age occurs because of load or line voltage variations, 
a fraction of the voltage change appears at the grid 
of voltage amplifier W5A through the center-arm of 
potentiometer R25. The voltage change is then 
cathode coupled to W5B. Voltage reference tube V6, 
a miniature two-element gaseous tube of exceptional 
stability, maintains the grid of V5B at a constant 


NPS-2 


voltage level. The input and reference voltages are 
compared in V5B and the resultant difference voltage 
is fed to de amplifiers V4B and V4A in turn. The 
cathodes of V4B and V4A are held at a relatively 
constant voltage level by voltage divider networks. 
Further amplification of the difference voltage is 
accomplished by V4, and the output voltage appear- 
ing at the plate of V4A is fed to both grids (pins t 
and 4) of V3 simultaneously. The control voltage 
applied to the grids of regulating tube V3 determines 
the grid-to-cathode voltage and hence the plate-to- 
cathode resistance of V3. The tube then functions as 
a variable resistance in series with the load, auto- 
matically adjusting itself to compensate for any 
changing load current or line voltage condition, 


The NE-51 neon lamp, located on the front panel, 
is connected between the voltage divider R15, R16 
and the grids of regulator tube V3 to protect the 
grids when the supply is first turned on. When the 
unit has reached operating condition, the neon lamp. 
is extinguished. 


When the unit is delivering —150 volts. de, relay 
Ki becomes energized. This connects pins 4 and 5 
of jack Ji, thus closing the circuit carrying 280 volts 
de to the chassis supplied by the —150 volt power 
supply. Therefore, when the —-150 volt power sup- 
ply is not operating, no B-+ voltage will be applied 
to the tonewheel amplifier, guide servo, or head- 
wheel servo chassis. 


Potentiometer R25 (OUTPUT VOLTAGE) is used 
to adjust the power supply output voltage between 
the approximate limits of —140 to —160 volts de 
by varying the bias on V5A. 


Wafer switch $2, used in conjunction with an 
MI-212@0-C) voltage and current indicating meter 
plugged into jack J3, provides a method of checking 
the plate currents flowing in each half of the regulator 
tube V3. This is accomplished by measuring the volt- 
age drop across resistor R33 when S82 is in I,,/, posi- 
tion, and by measuring the voltage drop across R34 
when 82 is in I,,/, position. The power supply out- 
put voltage and current may be checked in a similar 
manner by switching S2 to E,/, and I,/, positions 


respectively (see Maintenance). 


MAINTENANCE 


Voltage Adjustment 

Adjust the power supply output voltage to —-150 
volts de by means of the GUTPUT VOLTAGE screw- 
driver adjustment. The voltage may be measured by 
plugging an MI-21200-Ci meter into the METER 
JACK and rotating the metering switch to E,,/, posi- 
tion. Multiply the meter reading by twe to obtain 
the actual voltage value. A vacuum-tube voltmeter 
may be used to make this measurement if an 
MI-21200-Ci meter is not available, by connecting 
the VITVM across a phono-plug inserted into the 
METER JACK and reading the voltage directly. 
Care must be taken not to ground the VIVM case 
to the power supply chassis when making this 


measurement, 


Metering 

To check the plate currents of the 6336A regulator 
tube, plug an MI-21200-Ci meter (or vacuum-tube 
voltmeter as noted above) into the METER JACK 
and rotate the metering switch to I,,/, and I,,/, 
positions. The two current readings obtained must 
be approximately equal to insure maximum efficiency 
and long life of the tube. Replace the regulator tube 
when the current unbalance exceeds 12 milliamperes. 
(For actual current values, multiply MI-21200-C1 
meter reading by two.) 


The output voltage and current may be checked 
in a similar manner by rotating the metering switch to 
E,/2 position for voltage, and to I,/, position for 
current. 


The currents and output voltage noted above may 
be checked while the power supply is in operation 
without affecting its performance. For typical current 
and voltage readings, see Metering Chart. 


Ripple Voltage 

Check the ripple voltage by measuring it with an 
oscilloscope, using a direct probe. A convenient place 
to make the measurement is at terminal board 4TB2, 
connections 6 and 7, located at the rear of rack 4. 
If the ripple voltage exceeds 1.5 millivolts, the 6336A 
regulator tube should be replaced. 


METERING CHART 


MI-21200-CI 
Meter Reading 


Metering Suitch 
Pesition 


Vacuum-Tube Actual 
Voltmeter Reading Value 
150 volts 150 volts 
0.75 volt 
0.67 volt 


0.66 volt 


225 ma 
134 ma 
132 ma 


Treuble Shooting 


Tube failure or deterioration is the most likely 


NPS.3 


the exact value required (5 amperes, 3AG)}. If the 
replacement fuse opens immediately, do mot replace 


cause of faulty operation of the power supply; there- it until che cause of the trouble has been corrected. 
fore, check all tubes as the first step in trouble- , 
: i. : ; : P Voltage Readings 
shooting the unit. ees ae rr ‘ 

8 [he Voltage Table indicates typical wibe socket 


An open fuse will be indicated by the illumination voltages with respect to ground, obtained with a 


of the NE-51 neon lamp located on the front panel vacuum-tube voltmeter. All voltages are de unless 


below the coil housing. Always replace the fuse with otherwise noted. 


Ga Tl XVi R4 R5 Li G2 Gl XV6 J3 R27 R25 XVS 


Jloxv2 St XFL C3 XV? R3 R2C6 XV3 R34 R33 R3i S2 RAG XV4 


Figure NPS-2. Rear View of Power Supply 
LIST OF PARTS 


| Symbol No. | Stock No. | Drawing No. | Description “] 
| -150 VOLT POWER SUPPLY (8956034-502 ) 10 

CAPACITORS: 

C1A,B 218121 458558-45 electrolytic, 40/40 wf +50 -10%, 475 v 

C2 735715-175 paper, 0.1 wf +10%, 400 v 

23 727856-137 mica, 390 wut +10%, 500 v char ‘*B” 

C4 727866 157 mica, 2700 pef +10%, 500 v char ‘B” 

C5 735715-171 paper, 0.047 uf £10%, 400 v 

C6 735715-175 paper, 0.1 wf £10%, 400 v 

CT 735715-183 paper, 0.47 wf +10%, 400 v 

C8 735715-175 paper, 0.1 wf £10%, 400 v 

DS2 Lamp: part of XFl 

Fi 94802 990157-113 Fuse: 5 amp 

Ji 55806 727969.7 Connector: male, 8 contact, chassis mts. 

J2 Not Used 

J3 18466 8909777-1 Jack 

KL 215302 460355-5 Relay 

Ll 218122 949888-1 Reactor 

Pl 55808 727969-8 Connector: female, 8 contact, cable mtg. 
RESISTORS: 
Fixed, Composition - Unless otheruise specified 

Rl 99126-228 750,000 chm +5%, 2 w 

R2,B3 82283-51 120 ohm £5%, 4% w 

R4,R5 47492 458574-22 wire wound, 100 ohm £5%, 10 w 

Re 218123 §90185- 537 film, 237,000 ohm #1%, % w 

R7 209781 990185-581 film, 681,000 ohm £1%, % w 

R& 99126-75 12,000 ohm £10%, 2 w 

R9 99126-186 13,000 #hm, +5%, 2 w 

R1LO 99126-63 1200 ohm +10%, 2 w 

Ril 991 26-75 12,000 ohm 410%, 2 w 

Rl2 991 26-186 


£3,000 chm +5%, 2 w 


NPS-4 


R13 
Ri4 

ALS 

R16 

R17 

RIB 

R19 

R20 

R21 

R22 

R23 

R24 

R25 

R26 

R27 

R28 

R29 

R30 

R31 

R32 
R33, R34 
R35 

R36 

Sl 

$2 

$3 

Tl 

V3 

V7 

XF1 

XK] 

XV1_ to XV3 
XV4, XV5 
XV6 

XV7 


, Stock Ne. 


2181.24 
218123 


218125 


211415 
215410 


211416 
56085A 
211415 


93263 


219952 
218126 
2114194 
101857 
211618 
68590 
68590 
94926 
94925 


56100 
208080 


205329 


Drawing No. 


90 496-216 
99126-63 
90496-77 
90486-84 
990185-593 
990-185-537 
90496 - 86 

8 2283-51 
99126-86 

8 2283-79 
$0496 -86 
8228 -51 
433196-18 
99126-76 
991 26-78 
258656-34 
258656-7 


258656-35 
258656-27 
258656-34 
8 2283-90 
90496-190 
95559-5 


8442531-] 
949889- 


rere 


87229)-9 
892019]-2 
99100-4 
99100-4 
737870- 14 
737867-14 
8876203-7 


741622-501 


240,000 ohm £5%, 


Low 
12090 ohm £10%. 2 w 

48,000 ohm £16%, L w 
68,000 ohm £10%, 1 w 


film, 909,000 ohm 41%, % w 
film, 237,000 ohm £1%, 4% w 
100,000 ohm +10%, 1 w 
120 ohm £#10%, % w 
100,000 ohm £10%, 2 w 
27,000 ohm #10%, % w 
100,000 ohm #10%, 1 w 
120 ehm 410%, 4% w 
variable, comp., 5000 ohm, 
15,000 ohm #10%, 2 w 
22,000 ohm £10%, 2 w 
film, 5 ehm #1%, 1 w 
film, 10 ohm £1%, 1 w 
Not Used 
film, 60 ohm £1%, 1 w 
film, 200,000 ohm #1%, 1 w 
film, 5 ohm £1%, 1 w 
220,000 ohm £10%, % w 
20,000 ohm £5%, 1 w 
Switch: toggle 
Not Used 
Switch: rotary, 4 positien 
Transformer: power 
Tube: type 6336A 
Lamp: neon NES] 
Holder: fuse 
Socket: relay 
Socket: tube, 8 pin 
Socket: tube, 9 pin 
Socket: tube, 7 pin 
Socket: neon lamp 

Socket only 

Jewel only 


Miscellaneous: 
Knob 


2 


w 


c80 

C81 

C82 
C83,C84 
C85A/B 

C86 

C87 

C88 

C89 to C91 
C92, C93 
C94 

C95 

C96 

CR1 to CR9 
CR10 to CRI5 
DS1, DS2 


219661 


209079 
32342 


211169 


211545 
95624 
211741 
99483 
108915 
101857 
218628 
218623 
51800 
56077 
51800 
591594 
51800 
53140 
51604 
51800 
218223 
206744 


218223 
218622 


211803 


215661 
54246 
58978 
215661 
51595 
215661 


215661 
54246 
$4253 
51607 
215661 


727876-163 
8924416-119 
735715-175 
737816-95 
95695-37 
727876-167 
735715-175 
737863-37 
8811182-5 


471574-32 
7378 18-96 
737818-17 


872291-9 
990157-107 
8976975-1 
255223-2 
727969-5 
255223-2 
127969-1 
255223-2 
727969-15 
727969-3 
255223-2 
460355-6 
460355-2 


460355-6 
8973724-1 


8980021-1 


252868-1 
893648 -2 
727969-6 
252868-1 
727969-2 
252868-1 


252868- 1 
893648-2 
727969-16 
127969-4 
252868-1 


82283-111 
82283-78 
82283-65 
8 2283-86 
82283-98 
8 2283-65 
82283-74 
82283-98 
82283-90 
82283-71 
8 2283-98 
82283-90 
82283-65 
82283-215 
8 2283-208 


CS-37 


mica, 4700 wuf +10%, 500 v char ‘'B” 
mica, 2700 puef +1%, 500 v 
paper, 0.1 wf +10%, 400 v 
paper, 0.22 wf +10%, 400 v 
electrolytic, 10/10 wf 450 v 
mica, 6800 wuf +10%, 500 v char “B” 
paper, 0.1 wf +10%, 400 v 
paper, 1 pf, +10%, 100 v 
ceramic, 10,000 wef -20 +100%, 450 v 
Not Used 
electrolytic, 5 wf 450 v 
paper, 0.47 wf 110%, 400 v 
paper, 1 wf +10%, 100 v 
Diode: type 1N54A 
Diode: type 1N2069 
Lamp: indicator 
Fuse: 3/4 A 250 v 
Filter: electrical, 240 cycle 
Connector: coax, chassis mtg. 
Connector: female, 8 contacts 
Connector: coax, chassis mtg. 
Connector: female, 6 contact 
Connector: coax, chassis mtg, 
Connector: female, 12 contacts 
Connector: male, 6 contact 
Connector: coax, chassis mtg. 
Relay: 3 P.D.T. 
Relay: D.P.D.T. 
Not Used 
Relay: 3 P.D.T. 
Coil: 1.25 H 26 MA 
Not Used 
Coil: 15/60 millihenry 
Connector: coax, cable mtg. 
Connector - only 
Adapter - solder type 
Connector: male, 8 contact 
Connector: coax, cable mtg. 
Connector: male, 6 contacts 
Connector: coax, cable mtg. 
Connector: coax, cable mtg. 
Connector - only 
Adapter - solder type 
Connector: male, 12 contacts 
Connector: female, 6 contacts 
Connector: coax, cable mtg. 


RESISTORS: 

Fixed, Composition ~ unless otherwise specified 
10 ohms, +5%, 4%w 
22,000 ohms +10%, % w 
1800 ohms, +10%, %w 
100,000 ohms, +10%, Kw 
1 meg +10%, %w 

1800 ohms, +10%, 4% w 
10,000 ohms, +10%, 4% w 
1 meg +10%, %w 

220,000 ohms, +10%, %w 
5600 ohms, +10%, % w 

1 meg +10%, %w 

220,000 ohms, +10%, %w 
1800 ohms, +10%, % w 
220,000 ohms, +5%, 4%w 
110,000 ohms, +5%, % w 


eects MMA Aah ounces mihNscinte 


280 Volt Power Supply’ 


UNITS 409, 410 


* 60 cycle version similar to Type WP-16B, MI-26089-B 
50 cycle version similar to Type WP-16B, MI-26094-B 


RADIO CORPORATION OF AMERICA 
INDUSTRIAL ELECTRONIC PRODUCTS, CAMDEN, N. J. 


PRINTED IN U.S.A. 
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Figure PPS-1. 280 Vol# Power Supply 


| 
| Input Voltage 


95 to 130 voles 2c 


i 
| input Frequency 

i ‘ wins af gard ; 
i 60 Cycle Unit: 60 “1 cycle per second 
i 30 Cyele Units 50 21 cycle per second 


Input Power 


S00 to 600 watts 


Efficiency 


Full Lead: (1600 ma} 659, 
%, Lead:  €10600 may 53% 
YW; Lead: (306 ma} 45% 


Maximum Rate of Line Curren? Change 


2x 10 amp/sec, 


Regulated Output Voltage 


275 to 290 volts, adjustable 


Output Current 


0.6 to 1.6 amperes 


Capacitance Loading 


Infinice 


Stabilization 


6.05 volt output change for +18 volts line change 


DESCRIPTION 


The 280 Vole Power Supply (figure PPS-1) is an 
all semiconductor power supply which ts capable of 
supplying current loads from 0 to 1600 milliamperes 
at a nominal output of --280 volts. The RCA Tele- 
vision Tape Recorder uses two of these power supplies 
to provide the B+ voltages for all units having no 


self-contained power supplies. The power supply is. 


contained in a 7-inch bath tube chassis and ts rack 
mounted for easy accessibility. 


The front control panel of the power supply con- 
sists of an ON-OFF switch, a meter, meter selector 
switch, 280 volt test jack, and a fuse receptacle. There 
are two output adjustments, I... ADJ and E, ADJ. 
The E, ADJ which adjusts the regulated output volt- 
age is the only adjustment used on the front panel. 
The nominal regulated voltage range is 275 to 290 
volts. The | Centering and E Unregulated chassis are 
not used as a part of the power supply with the 
tape system; therefore, the I,,, ADJ pot, and the 
I... and E,,, positions of the selector switch may 
be disregarded, 


TECHNICAL DATA 


PPS-3 


Long Term Stability 


Not over 


variation with constant | 


remperacure | 


Ripple and Noise 


Less than 2.5 millivolts peak-to-peak | 


Regulation 


Less than 0.1 volt change, 0.0 to 1.6 amperes 


i 
; 
i 
| 
Output Impedance | 
0.16 ohm to Z KC: 6.15 ohm to 30 KC 


Short Circuit Load Performance 
Seif pretecting; normal operation resumed when short 
is remeved 


Time Delay 


45 seconds (nominal) 


Semiconductor Complement 


Transistors: & 2333 
Z 2N1040 | 
4 2N458 
L 2N1612 | 
Diodes: 3) IN429 i 
1 651C4 | 
{ 
Rectifier: 1 4JA211CB2AC1 


The unit has three series regulator transistors that 
are mounted on a heat sink which ts on the front of 
the chassis. These three regulator transistors can be 
removed from the front of the untt. 


Mounted to the rear of the meter pane! (see figure 
PPS-8) is a circuit board which contains a de amplifier 
for the 280 volt regulated supply. Mounted directly 
to the rear of the circuit board 1s the regulator driving 
transistor. The main power transformer, which has 
considerable weight, is mounted on the lJeft-frame of 
the main chassis where it can easily be seen and its 
weight taken into account if the unit ever requires 
dismounting. 


Circuit 

The ac power is first applied to the ON-OFF switch, 
and then to the time delay circuit which closes the 
fused primary circuit of the main power transformer 
after a nominal 45 second delay. The secondary of 
the power transformer supplies ac power to the 
regulator voltage supply (see schematic diagram 
figure PPS-9). 
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j 
RECTIFIER 
AND 
FILTER 


CONTROL | 
CURRENT | 
SOURCE 
Q tol 


| CURRENT 
| AMP 

Q 102 

| a4 


SERIES 


Qt 


REGULATORS 
@2 Q3 


REFERENCE 
VOLTAGE 


DIODES 


Figure PPS-2. Block Diagram, 280 Volt Power Supply 


Time Delay Cireutt 

The time delay circuit in the 280 volt supply pre- 
vents application of plate voltage until the filaments 
of the powered units reach operating temperature. 
In the event of a momentary power failure, the relay 
does not recycle; however, it will recycle and reintro- 
duce the time delay for power failures of more than 
several seconds. 


When the ON-OFF switch. S1 is closed, the thermal 
time-delay relay, Ki, is energized. Following a 45 
second delay period the relay contacts close and apply 
power to a rectifier-filter combination which consists 
of CR2, Ril, and C8. The output of this circuit is 
applied to the coil of the main power relay, K2, 
causing its contacts to close and apply ac to the 
primary of the power transformer T}. 


Regulated Supply 

The output of the voltage regulated secondary of 
Ti (as shown in schematic diagram figure PPS-9) 
is applied to a bridge rectifier, CRi. The rectified 
output is then filcered by a capacity input filter, The 
filtered output 1s then applied to the regulator circuit, 
which operates as follows: 


Series regulation is used with the parallel con- 
nected series regulator transistors, Ql, Q2, and Q3, 
in the ground side of the supply (see block diagram 
figure PPS-2). These regulator transistors are con- 
trolled by a transistor de amplifier which senses varia- 
tions of the output voltage as a result of either load 
changes or input voltage changes, This change, which 
represents an error, is sensed by the base of the first 


de amplifier Q105. A reference voltage is applied to 
the emitter of Q105 by the series Zener diodes CR102, 
CR103 and CR104; since the Zener diodes have a 
constant voltage across them, this voltage is used as 
a reference. In Q105 the error is amplified, and in- 
verted, and applied to the base of a second amplifier 
Q104. Here again inversion takes place. 


The collector load of Q104 consists of transistor 
Q10! and the base circuit of Q4102. Since the base 
voltage of Qi01 is held constant by Zener diode 
CRiO1, it acts as a constant current supply for tran- 
sistor Q104, Thus any change in the Q104 collector 
current due to the applied error signal will be applied 
to the base of the third amplifier Q102 resulting in 
a very high gain, 

The QIOL emitter resistance is made variable by the 
D.C. Amplifier Control, R118, to permit adjustment 
to optimum power supply operating conditions. This 
is a factory adjustment and need not be made again 
under normal conditions. Refer to the Maintenance 
section of this instruction book for use of this control. 


Q102 is an emitter follower (current gain) ampli- 
fier whose output drives emitter follower transistor 
Q4, which in turn drives series-regulator transistors 
Qi, Q2, and Q3 (connected in parallel with each 
other). The amplified error is applied to the series 
regulators in such a way as to oppose the error and 
keep the output nearly constant. 


Capacitor C13, tn the collector circuit of Q105, 
improves the high frequency coupling to the base 
of the input stage which results in a decrease of 


ripple and high frequency output impedance charac- 
teristics. Capacitor Ci02 and C106 are decoupling 
capacitors which minimize the possibility of spurious 
high frequency oscillations. 


Short Circuit Protection 

The power transformer, T1, used with this power 
supply is a special regulating type with the property 
that the amount of power it can deliver under heavy 
loads is very low. The short circuit current is ap- 
proximately 1 ampere, which is less than the rated 
full load current. Therefore the power supply tran- 
sistors will be operating within their ratings under 
short circuit conditions. However, it takes a short time 
for this power reduction to occur, and the surge 
current could damage the transistors. Protection 
during this time is obtained as follows: 


At the first instant of a short circuit, the surge 
current that flows through the limiting resistor R19, 
develops enough voltage to prevent breakdown of the 
regulators Qi, Q2, Q3, the regulator driver Q4, the de 
amplifier transistor QiO01, and the Zener diode 
CR101. The drop to zero-output-voltage is sensed by 
the input de amplifier which in a few milliseconds 
drives the regulators into saturation, The resistance 
of the regulators then drops to a very low value 
thereby limiting the regulator collector dissipation to 
a safe value during the remainder of the surge. The 
steady state short-circuit-current is approximately 
1 ampere. 


OPERATION 


The operation of the 280 volt power supply is 
relatively simple. Once the unit is turned on and the 
proper adjustments are made, there is no further need 


PPS.-5 


for close attention. The following procedure is all 
thar must be done: 

Piace the ON-OFF switch to ON position. Wait 
for the time delay relay to close; then place the 
selector switch in the E,, position, and adjust the 
E, AD] control on the front panel for 280 volts on 
meter M1. Use an. external meter of known calibra- 
tion when precise voltage readings are desired. 


MAINTENANCE 


Transistors 

Under normal conditions, no adjustments are neces- 
sary when transistors are replaced. However, if de- 
sired, optimum ripple and impedance performance 
can be obtained by readjustment of the D.C. AMPL 
AD] control R118 (see figure PPS-8, and schematic 
diagram figure PPS-9), To determine whether this 
adjustment is necessary, proceed as follows: 


1. Provide an external de load of 1.5 amperes for 
a setting of 290 volts of regulated voltage. 


2. Observe ripple (on an oscilloscope). If 2 milli- 
volts peak-to-peak or less appear, no further adjust- 
ment is necessary. If ripple is greater than 2 millivolts 
peak-to-peak, proceed to step 3. 


3. Adjust the D.C. AMPL ADJ control (R118) 
for minimum ripple. 


4, Adjust the E, ADJ (on front panel) for a meter 
reading of 280 volts and resume normal operation. 


Fuse Replacement 

If a fuse needs replacement, never replace it with 
one of a higher rating. If the replacement fuse blows 
immediately, do not replace it until the cause of the 
trouble has been corrected. 
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Figure PPS-3. Front View Showing Components and Panel Controls 
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Component Identification, Top V 


PPS-5. 


Figure 


PPS-9 


ad 


MNIS LVSH 


Figure PPS-6. Cemponent Identification, Bottom View 
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Figure PPS-7. Exposed View of Component Assembly Board and Front Panel 
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__ 


Figure PPS-8. Rear View of Component Assembly Board, Front Panel Removed 
from Main Chassis 
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pe Sree Sa 


Coote Li 
C12 
Cha 


Gl to UF 


R2 to R4 
R5 to KT 


XK1 
XY1L to XQ4 


C101 
C102 


221618 
95914 

218097 
221618 


96216 
221618 
218097 


210347 
218392 


G47 09 


221612 
221615 
221614 


51595 
221605 


221611 
210854 
98221 
46071 
212130 


56596 
219511] 
221604 
46071 


98600 
223129 


204583 
221613 
221616 
221617 
203532 
205675 
211618 
94926 
219949 


217061 


POWER SUPPLY (TRANSISTORIZEB) 
(8983911-504), @0 CYCLE — (#8983911-505), 50 CYCLE 


LIST OF PARTS 


Brawing No. 


8975570-1e 
458558-1 
8976580- 1 
8975570-16 
8728432-3 
442901-174 
8975570- 16 
8976580-1 
735715-175 
8974309-1 


8845660-6 
8980085- 1 
474619-2 

475145- 2 

727969-1 

8989717-1 
8448880-1 
8449588-1 
8462494-] 
8980084-1 


727969-2 


993007-29 
993007-21 
8971860-105 
427230-2] 
990187-547 
90496-71 
82283-53 
8971860-108 
993008-107 
990190-309 
427230-21 
727834-570 
993008-29 
458572-64 
990186-389 
993008 - 29 
990780-109 
8449586-1 
8728432-1 
8728432-2 
8825493-2 
8825493-3 
8920191-2 
737870-14 
8975560-2 


8983912-502 


737818-16 


Description 


CAPACITORS: 

electrelytic, 300 nf 350 ¥ 
electrolytic, 125 wf 350 v 
ceramic, 0.1 wf ~20 +80%, SOO v 
electrolytic, 300 wf 350 v 

25 wf, pt. of Tl 

electroltyic, 10 uf 450 v 
electrolytic, 300 wf 350 v 
ceramic, 0.1 uf -20 +80%, 500 v 
paper, 6.1 uf +10%, 460 ¥ 
Rectifier: silicon 

Diode: type 1N540 

Part of XFL 

Fuse: [0 amp 


Connector: male, A.C. 

Connector: female, 7 contacts 
Connector: female, 9 contacts 
Connector: female, 6 contacts 


Relay: time delay 
Relay: 110 v 

Relay: filter 
Meter: 0-300 v D.C. 


Connector: female, A.C. 
Not Used 
Connector: male, 6 contacts 


Transistor: 2N458 


RESISFORS: 

Fixed, Composition - unless otherwise shecified 
Part of XFI 

wire wound, 2.5 ohms, +10%, 5 
wire wound, 1.0 ohms, +10%, 5 
variable, 500 ohms, +10%, 2 w 
wire wound, 4000 ohms, +10%, 50 w 
301,000 ohms, +1%, 1 w 

5600 ohms, +10%, 1 w 

180 ohms, +10%, % w 

variable, 2500 ohms, +10%, 2 w 
wire wound, 20,000 ohms, +5%, 10 w 
1210 ohms, +1%, 2 w 

wire wound, 4000 ohms, +10%, 50 w 
6.2 ohms, +5%, % w 

wire wound, 2.5 ohms, +5%, 10 w 
4000 ohms, +5%, 5 w 

film, 8250 ohms, +1%, % w 

wire wound, 2.5 ohms, +5%, 10 w 
Switch: D.P.D.T. 


Switch: rotary, 3 sec. 3 pos. 
Transformer: power, 69 cycle 
Transformer: power, 50 cycle 
Connector: tip jack, red 
Connector: tip jack, black 
Holder: fuse, less resistor 
Socket: relay 

Socket: transistor 


Circuit Board Parts 


Circuit Board Assembly 
Not Used 
Capacitor: paper, 0.47 wf +10%, 100 v 


PPS-13 
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C1Q3 Not Used 
C105 Capacitor: paper, 
: C16, g [Capacitor: ee « ke 45 
CHLOE 221663 Diode: i 
CRIO2 to CRIG4 221599 | Diode: type [N429 
F Q10) 221601 Transistor: type 2N1iQ12 
OLO2 221602 Transistor: type 2NI940 
GOLGS Not Used 
G14 221662 Transistor: type 
OLGS 221600 Transistor: type 
ORS 
ceil, Composition 45 oh q 
RIiGL Used 
R1€2 82283-138 ohms, +5%, %& w 
R103, RiG4 Used 
W105 82283-136 ohms, £5%, 4% w 
RLO6 £ Used 
RLO7 82283-65 39606 ohms, 410%, % w 
R168 Not Used 
R1LO9 221609 993008-110 wire wound, 28,000 ohms, £5%, 10 w 
R116 to RLL4 Not Used 
RLIS 727834-153 566 ohms, +5%, % 
R116 727834-137 120 ohms, +5%, 
RLL7 727834-158 910 ohms, £5%, 4% w 
Rii8 98956 8971860- 166 variable, 1000 ohms, £10%, 2 w 
RL1S 727834-167 2200 ohms, £5%, ”% w 
R120 8983944-2 lL turn of .025 dia. magnetic wire on a 0.21 TLD. 
HI21 727834-156 750 ohms, 5%, 4% w 
XQLOL, 8Q162 222734 8707 294-1 Socket: transistor 
XQ103 Not Used 
XO1@4, XQ105 222734 8907294-1 Socket: transistor 
Miscellaneous: 
7960 845607-1 Knob: black 


UNREGULATED CHASSIS (POWER SUPPLY), Mi-26082-A 


€201,€202 221607 458558-58 Capacitor: electrolytic, 120 pf 200 v 

C203 218426 458558-5]} Capaciter: electrolytic, 150 uf 300 v 

CR201 ,CR202 217351 Diode: type INIG84 

P2601 207146 474619-1] Connector: male, 7 contact 

R201,R202 221608 993008-38 poo fixed, wire wound, 7.1] ohms, £10%, 16 w 
CENTERING CHASSIS, MI-26083-A 

C3@1,C302 218606 189335-6 Capacitor: electrolytic, 2000 wf 25 ¥ 

CR301, CR302 221606 Diode: type IN1085 

CR303 221603 Diode: type 65104 

P301 207139 475145-1 Connector: male, 9 contact 

Q301 221605 Transistor: 2N458 

Q302 2216@2 Transistor: 2N1i0406 

R301, R302 221608 993008 - 38 Resistor: fixed, wire wound, 7.1 ohms, £10%, LO « 

R303 90496-63 Resistor: fixed, composition, 1200 ohms, 210%, 1 w 

R304 221608 9%3008-38 Resistor: fixed, wire wound, 7.1 ohms, =10%, 10 w 

XQ3 01 219949 8975560-2 Socket: transistor 
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NOTES 


280 VOLT POWER SUPPLY DC VOLTAGE REQUIREMENTS 


Measurements made with Senior Voltohmyst WV-98A; all voltages 
are made with respect to chassis ground unless otherwise stated. 
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Figure PPS-9. Schematic Diagram, 280 Volt Power Supply 
! 


WHT 


—— S1e-ul-5S 
SIO -Jl~ 


WHT/ BLK 


Ne A c 503-v2-8 Smee 5.4, 
503 -N2-7 
INPUT" 5 S Sits Bee, Se pees —_ ST BI -11 
506s -Jeo-& ime 2 a TT STBI-1 
NE 507-Te1-! wea Suir ‘ 
WH /BU lk 507 -TBI-2 === : STB\-1 


27B3-4-y SHIELD _ = 502n-u3- 1 
BD PowER | @71B3a-1) pp iBeu/ RED | REP ____eo,.y2 


To QTBS-2 Bui i _ 502- JB-@ 
HEADWHEEL | o7e3.3, — Fis WHT _____ so3- 93-2 


alll | 7 


WHT/BL 
sTee 
(Cs FE 5 
PARTS LIST Dc PEEP (280) 4TB2-! RED ES 505 -J5-10 al 
eee (GND) 47TB2-2 ELK S0S-J3S -12. 4 
REB/PLMK 5605-95-11 =n 


Symbol Na cise) 


RACK #5 (8975565-503) 18 


H.\N 


510-J1 181494-4 Connector: male, 6 contact, chassis mtg. ten, wud? “ GRN/O S04-)7-4 
STB to 5TB3 449691-5 Board: terminal ail =sBl W/GR Ns 504~I7-S a 
_p_Wyt/een 
N7V. AT easel AB: a f 
UTILITY SOo0-yi-B S1B2-9 —Shn _{ __ 
INSPUT RAcK GND ST82-2 Bus 5 
RACK Somme S00Vv!l- GN ° =e Ne \W/BRN 
fo) au STB? = MET/RED/Sus — a1 a oe STS NOY ie ak 
7 ST Ses z RED r. . =) 2TBS-\1 WHEEL 
TB2-| === SC) SHIELD = 
ZAaN BSC STB3-1 Se7e TE S os hee Fi 
CONTROL] aTBz-2. — 5o7-TBI-S 
PAN ® WHT/GRN/ BRN/ BAN 
@3av.pc 4 Z1b45 Sio-si-2 Sau 
oa) PS 2TB4-4 ; aS ee EHO ee] STSl- > — eT ie ere ea E SOS ~IG 
ate it Sstei-4 WAT {BLK == ma, wi San / GUIDE 
\ UM 3TB2-7 S09 -TRI-3 200-1BG -3 SH TESLICL ORG - ¥ SERVO 
RELAY 3T1B2-8 509 -TBI-4 WO-TES —fo-(y cr \ 
Zoo-TEe= 4 WHT/ BLU/ YER I 
200-TBG- 2: 7_\ Nont/ Biu/ Ge 
200-TB&- 1 ae 
'200-TBG-3 + A\NHTZ ire | 
'200-TBG - oa! —- = 
STB) —-o —WHT/BLK 
STBI-S — WHT To S06-ul-8 7: Is | SOog-uIZa 
SBS Z BRN 1 ON/GRN/BLK || GUIDE 
STBS-| GRN YG \. Suess ' 
- SERVO 
f 


WHT, 
ee ae 


STB2-G BRY 
Feo BG2I20S8-| 
StBi-8 


STeir-t 
WHT BLK 
STBe -t1 a eh 
hn al — STB3-4 
STB23-S 


5782 GND — INTERCONNECTING CABLE 


S7B2-12 A— #1G WIRE 
B-— 718 WIRE 
O-—-712 WiRe 
14-2 SHEATHEDO CABLE F&F -*14 WIRE 
G — TWISTED PAIR - SHIELDED 
H ~ TWISTED TRIPLE- SHIELDED 


400-0) Soo-vJl 


Interconnection Diagram, Rack 5 


________ ELECTRONIC RECORDING PRODUCTS _ 


Headwheel Servo 
UNIT 504 


RADIO CORPORATION OF AMERICA 
INDUSTRIAL ELECTRONIC PRODUCTS, CAMDEN N. J. 


CO ae 1B-3115! 


HWS-1 


—_ (| 
| 
| 


Figure HWS-1. Headwheel Servo 


TECHNICAL DATA 


Power Required Output Signals 


360 Cycle, 2 Phase 


AC: 117 volts, 50/60 cycles (To Servo Power Amplifiers units 502 and 503) 


(From circuit breaker No. 4) 
DC: +280 volts, (from unit No. 410) Tube and Diode Complement 
150 volts, (from unit No. 405) 4 6AL5 1 5751 
12AT7 6201 


2 
Input Signals 12AU7 IN2071 
12AX7 IN456 
60 Cycle Reference Pulse: 4 volts P-P 12BH7 IN458 
(From Reference Generator unit 407) 


240 Cycle Tonewheel Pulse: 4 volts P-P Fuse Complement 
(From Tonewheel Amplifier 505) 134, Amp. Slo-blo 


HWS-2 


240 CPS PULSES TONE 
ne PWHE EL ~ 
i Am fe. 
MEASURES PULSE PERIOD | 
‘i 
eS SS eS Se oe iam ara 
| - | 
| VELOCITY i 
ERROR H 
{ DETECTOR | 
| 
| 
| 
| 
| TRAPEZOID COMBINING soeuRes A-C 
! GENERATOR NETWORK ieee AMPLIFIER 
4 — er | 
| 60 cps | 
REFERENCE i 
PULSES nee 360 CPS 
DETECTOR OSCILLATOR 
| 
| | 
2 HEAD-WHEEL SERVO CHASSIS 7 


DERIVED FROM SIGNAL OR LOCAL SYNC IN RECORD MODE, 
FROM LOCAL. SYNC OR POWER LINE IN PLAYBACK MODE. 


TONE 


WHEEL 


= 


ee SHAET 


HEAD 
WHEEL 
MOTOR 

(240 RPS) 


“hee PHASE 


POWER 
AMPLIFIER 


2 PHASE 
360 CPS 


—15eVv + 2809 + 288V 


24@ CPS 
TONE WHEEL 
PULSE, oF 


“GB 


50 SEC 


240 CPS 
SQ WAVE 


GE es 


240 CPS 
SO WAVE 
on. 


SLOPE 160 1 SEC 
SHOW! 


a 


SNS 


240 CPS 
TRAPEZO® 
APRPREX 1S.5V BF 


+280V 


SOCK 


VELOCITY 
ERROR DET, 


{SOV 


CEXAGGERATED} 


Figure HWS-2. Headwheel Servo Simplified Block Diagram 
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Trapezoid Generator Simplified Schematic Diagram 


DESCRIPTION 


The Headwheel Servo system controls the speed of 
the headwheel motor in hoth the record and playback 
modes of operation. In hoth cases, the nominal speed 
of the headwheel motor is 246 revolutions per second, 
or 14,400 revolutions per minute. 


In the record mode, it is required to make the 
headwheel speed in revolutions-per-second exactly four 
times the vertical scanning frequency (which is nomi- 
nally 60 cycles-per-second). The timing reference for 
the headwheel servo in the record mode of operation 
is either the stripped sync pulses from the input video 
signal, obtained from the 2 x 1 switcher, or the sync 
pulses from the local generator. These sync pulses are 
converted into 60 cps pulses in the reference gener- 
ator. The most practical way to control the headwheel 
speed is with a servo system in which an error de- 
tector compares the phase of a signal developed by a 
tonewhee! attached to the headwheel motor against a 
reference pulse derived from the signal itself. This 
action assures that each television field period occupies 
exactly sixteen complete transverse tracks on the tape. 
(Note that each revolution of the headwheel produces 
four tracks, because of the four heads around the cir- 
cumference of the wheel.) 


In the playback mode, the speed of the headwheel 
motor determines the absolute value of the deflection 
frequencies (and all other frequency components) in 
the reproduced signal, so it is important that the 
headwheel speed be sufficiently constant so that the 
scanning frequencies fall within the tolerance limits 
suitable for broadcast transmissions. To assure such 
stability, the headwheel motor is controlled by the 
same servo system used for recording, but the refer- 
ence signal compared with the tonewheel signal in 
the error detector and is derived either from the local 
sync generator (preferably) or from the Power line. 


A simplified block diagram of the headwheel servo 
system is shown in figure HW/S-2. The headwheel 
motor is a synchronous, hysteresis type designed for 
operation in the vicinity of 300 cycles per second. It 
is not operated in a synchronous mode in the TRT-1B 
tape recorder. It is supplied with 3-phase power at 
about 360 cycles per second, but its speed is held back 
to 240 revolutions per second by the servo system. 
This non-synchronous operating condition gives the 
servo system a good acceleration characteristic at 360 
revolutions per second, but is held back by the fact 
that the servo system continuously delivers only 
enough power to exactly balance the load at a speed 
of 240 revolutions per second. 

Control of the power supplied to the motor is 
achieved by a modulator which adjusts the level of a 
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360 cps signal in accordance with the output of the 
error detectors. The modulator operates at a rela- 
tively low power level, so therefore, is followed by a 
stage of feedback stabilized voltage amplification and 
two 76-watt power amplifiers. A pair of phase-shifting 
networks at the output of the servo chassis provide 
two signals 96 degrees apart in phase. The ewo phases 
are amplified separately by their respective power 
amplifiers, and then converted to 3-phase power 
through the use of Scott-connected transformers. 


As shown in figure HW’S-2, there are actually two 
error detectors in the headwheel servo system. Close 
control is achieved through the phase-error detector 
shown at the bottom, wherein a trapezoidal waveform 
derived from the tonewheel signal is sampled by 
pulses from the stable reference source. The precise 
control needed for normal operation results in a 
narrow lock-in range for the phase detector, so a 
wider-range velocity error detector is also used to 
reduce the time required for the servo system to 
assume control when operation is first started or 
momentarily interrupted. As will be shown later, the 
velocity detector operates by measuring the period of 
the tonewheel pulses. The output of both error de- 
tectors are combined in a mixing network and are used 
to control a single modulator, but the detectors are 
cross coupled in such a way as to minimize any 
tendency for the two detectors to supply conflicting 
information. 


Circuit 

Trapezoid Generator. The circuit that is used to 
generate a trapezoidal waveform from the tonewheel 
pulse is shown in figure HWS-3. The output signal 
of the tonewheel amplifier is applied to jack J3 (240 
TW’) and is amplified by a conventional voltage 
amplifier stage (V7A). The output of the voltage 
amplifier is applied to a differentiating network which 
converts the pulse into a pair of negative and positive 
“pips”. The negative pip, corresponding to the lead- 
ing edge of the input pulse, is coupled through diode 
V8A to trigger a multivibrator V12. This multi- 
vibrator is a stabilized monostable type. In the resting 
condition, W12A (left side) is conducting and V12B 
is cutoff. When a negative trigger pulse is applied to 
the plate (pin 1) of V12A the state of conduction 
reverses very rapidly, and the grid of V12A is driven 
below cut-off. Output signals are taken from both 
plates of the multivibrator. Stage W12A supplies a 
square wave to the velocity error detector. The output 
of V12B is coupled to a fixed bias cathode follower 
stage V7B, which in turn is connected to the trapezoid 
generator V9. The peak-to-peak signal applied to the 
grid of V7B is more than adequate to make the 
cathode swing from cutoff to a conducting state which 
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results tn a cathode potential considerably more posi- 
tive than ground, 


The trapezoid waveform is generated across capaci- 
tor C30 at the cathode of V9B. When V7B ts cutoff 
during the negative half cycles of the square waves, 
both sides of V9 conduct through the series resistors 
between —150 volts and ground. Resistors R6& and 
R72 are effectively in parallel, and having a net value 
of about 30 thousand ohms. This resistance is in 
series with R71, and forms a voltage divider across 
the 150 volt supply. The voltage across resistor R71 
is approximately --15 volts. When the rising edge of 
the square wave signal occurs, however, cathode fol- 
lower V7B begins to conduct and its cathode rises 
very rapidly to a voltage that is appreciably positive 
relative to ground. In so doing, it cuts off diode V9A, 
thus altering the original voltage divider arrangement, 
and causing the voltage across capacitor C30 to seek 
a new equilibrium at about a —1.5 volts (determined 
by the combination of resistors R71 and R72). The 
rate at which the circuit reaches this new equilibrium 
is determined by the time constant of resistor R71 and 
capacitor C30, which is about 15.5 microseconds, (This 
rate of change is very fast compared to the 4167 


microsecond period of the 240 eps signal.} Ac the 
beginning of the next negative half cycle, Y7B is 
cutoff, VOA is made conductive, and the voltage across 
R71 decreases to about —1i5 volts. The voltage across 
C30 is unable to change instantaneously, however, so 
diode V95B is cutoff as its plate is made more negative 
than its cathode. The voltage across C30 then proceeds 
to fall toward —150 volts at a rate determined by 
resistor R72 (a time constant of about 155® micro- 
seconds}. This action continues only until the cathode 
of V9B becomes slightly less negative than the plate, 
at which time V9B conducts and the output voltage 
again levels off at about —15 volts. The net result 
is that the input square wave is converted into a 
trapezoidal waveform with a relatively fast rise time 
but with a slow linear fall characteristic. The fall 
time is approximately 100 microseconds. 


A pair of cathode followers, 160A and 10B, are used 
to supply isolated trapezoid signals to the two error 
detectors. Potentiometers in the grid circuits provide 
separate gain adjustments for the two servo loops. 
Voltage divider R175, R176 across the cathode circuit 
of V1®A provides a signal for monitoring headwheel 
servo lock on the CRO monitor. 
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Figure HWS-4. Phase Error Detector Simplified Schematic Diagram 


Phase Error Detector 

The circuit of the phase error detector is shown in 
simplified form in figure HWS-4. As noted earlier, 
the function of this circuit is to develop an error 
signal through the comparison of a trapezoid signal 
with a series of 60-cycle pulses from a stable reference 
generator. 


The upper row of stages of this circuit are used to 
generate sharp sampling pulses from the input refer- 
ence pulses. The reference pulses are applied to the 
input of amplifier VIA where their amplitude is 
increased to about 100 volts peak-to-peak. The pulse 
tips are leveled off by the clipping action at the input 
of stage VIB; when the grid is driven far enough 
positive to draw grid current, the signal is sharply 
attenuated by the 100K resistor in series with the 
grid-to-cathode impedance. After amplification by 
V1B the pulses are fed to the pulse amplifier V2A. 
(The pulses are also coupled to the 360 cycle oscillator 
for locking purposes.) The plate load for stage V2A 
consists of a diode-damped ringing coil. When the 
current through tube V2A is cutoff by the leading 
edge of a reference pulse the coil produces a sharp 
positive spike corresponding to the first half-cycle of 
an oscillation at its self-resonant frequency. The oscil- 
lation does not continue, because the negative half- 
cycles are suppressed by diode CR2 shunted across the 
coil. (The 2700-ohm resistor in series with CR2 is 
necessary to permit most of the tube’s current to be 
drawn through the coil, not through the diode, during 
the periods between pulses.) The diode also serves to 
suppress the negative spike that would normally be 
produced at the trailing edge of the reference pulse. 
The rounded top of the pulse delivered by the ring- 
ing coil is flattened by grid clipping at the input of 
V2B, which drives a phase detector through trans- 
former Ti. As noted on the diagram, the sampling 
pulse is only about 10 microseconds wide, and is 
raised to the relatively high level of about 150 volts 
peak-to-peak. 


The phase detector stage, V3, is a close relative of 
the familiar double-diode clamping circuit, The two 
diodes are normally non-conductive except during the 
very brief sampling intervals corresponding to the 
peaks of the pulses delivered by the transformer. Dur- 
ing the sampling (or clamping) intervals, the charge 
on the 4700 mmf capacitor is adjusted to make the 
output voltage nominally equivalent to the voltage 
occurring at that instant at the center-tap of the net- 
work on the opposite side of the diodes. The voltage 
across the 4700 mmf capacitor remains reasonably 
constant between clamping intervals, because when 
the diodes are open the charge on the capacitor can be 
altered only through high-impedance leakage paths. 
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The signal applied to the center-tap of the clamper 
network is the 240-cps trapezoid waveform derived 
from, the tonewheel signal. Provision is made for 
adding a d-c component to the waveform so as to 
adjust the absolute voltage at the mid-point of the 
slope on the trapezoid to a reasonable level for the 
following modulator. 
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Figure HWS-5. Sketch of Operation 
of Phase Error Detector 


The operation of the phase detector circuit is illus- 
trated by the waveform sketches in figure HWS-5. 
Only every fourth cycle of the trapezoid waveform is 
actually sampled, because the reference pulses occur 
only at a 60 cps rate. When the headwheel is rotating 
at the proper speed, the sampling (or clamping) 
instant should occur exactly at the midpoint of the 
slope on the trapezoid waveform, as shown at (C). 
If the motor tends to run slightly too fast, the appar- 
ent phase of the trapezoid will be advanced relative 
to the reference pulses so the sampling will occur at 
a lower point on the waveform, and the error signal 
output will be reduced. This reduced-level error signal 
will reduce the power supplied to the motor so as to 
restore it to the proper speed. In similar fashion, a 
tendency for the motor to run too slow will cause the 
error signal to increase in voltage because of the re- 
tarded phase of the trapezoid signal, and the increased 
error signal will increase the power supplied to the 
motor to drive it at the correct speed. 


The final stage shown in figure HWS-4, V13A, is 
a cathode follower which supplies low-impedance 
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Figure HWS-6. Velocity Error Detector Simplified Schematic Diagram 


drive for the modulator. A second output from V13A 
is directed to the velocity error detector through an 
RC integration network. The purpose of this output 
is to modify the operation of the velocity error de- 
tector so that it does not conflict with the phase 
error detector. 


Velocity Error Detector 

The velocity error detector, shown in slightly sim- 
plified form in figure HWS-6 is quite similar to the 
phase error detector, but the sampling pulses which 
operate the clamp-type detector are derived from a 
240-cps square wave instead of from the 60-cps refer- 
ence pulses. The input square waveform V12 is differ- 
entiated, and the negative-going “pips” are coupled 
through diodes V8B and CR12 to trigger VIG, a 
stabilized multivibrator, Sharp sampling pulses are 
derived in synchronism with the falling edges of the 
pulses produced at the cathode of V1GB by the ring- 
ing coil in the plate circuit of the left side of V18. 
The functions performed by the two sections of V18 


are identical to those previously discussed for V2A 
and V2B. Phase detector V17 is also identical to stage 
V3. As in the case of the phase error detector, a 
cathode follower, V13B, is used at the output to 
provide a driving point of reasonably low impedance 
for the modulator. 


The operation of the velocity error detector is best 
explained with the aid of the waveform sketches in 
figure HW/S-7. At 240 cps the sampling pulses used in 
the velocity error detector are actually delayed approx- 
imately one full period by virtue of the fact that the 
two multivibrators are triggered in series to preduce 
them (the electrical time constant of the two multi- 
vibrators determine the 240 cycle sampling period). 
The net result is that the detector is keyed at the 
center of the trapezoid slope when the motor is 
running at 240 cycles. When the motor speed differs 
from 240 cycles the detector is keyed in at a different 
point on the trapezoid slope; hence, the voltage at the 
detector output is a linear function of the motor 


speed within the frequency range of 232 to 247 cycles. 
The width of the pulse produced by the first multi- 
vibrator is adjusted to make the square wave as sym- 
metrical as possible, and the width of the pulses pro- 
duced by the second are adjusted to make their trail- 
ing edges coincide with the mid-points of the slopes 
in the trapezoid waveform when the headwheel is 
operating at exactly 240 rps. Once these adjustments 
are made, the relative phase of the sampling pulses 
and the trapezoid signal will vary slightly if the head- 
wheel is not running at the proper speed. If the head- 
wheel runs slightly too fast, for example, the period 
of the trapezoid waveform is shortened slightly, caus- 
ing the sampling point in the detector to slide down 
the waveform, thus generating a negative error 
signal. In effect, the detector is actually measuring 
the period between successive tonewheel pulses. The 
pull-in range of this detector is greater than that of 
the phase error detector, and it develops a useful error 
signal as soon as the tonewheel pulses first appear. 
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Figure HWS-7, Sketch of Operation 
of Velocity Error Detector 


Cathode follower V19A, coupled to the pulse-width- 
determining time constant in multivibrator V16, is the 
means by which the output of the phase error detector 
modifies the operation of the velocity error detector. 
This coupling effectively increases the pull-in range 
of the phase loop and its dynamic range to load vari- 
ations. Since the phase error signal is coupled to the 
grid of V19A through a 2 second time constant, the 
higher frequency components in the phase error are 
attenuated, and produce less effect than the lower 
frequency components. Since the dc-phase-error signal 
is amplified about 18 db, the bandwidth of this loop 
is about 0.25 radians per second. To illustrate the 
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manner in which this loop compensates for load vari- 
ations note the position of the sample pulse in the 
phase detector when the motor load is increased from 
30 to 60 volts. Without the cross coupling loop, the 
voltage output of the detector must increase by a 
factor of 10 to provide the 2 to 1 increase in drive to 
the modulator. With the nominal phase gain of 8 
volts peak-to-peak, the phase loop would lose lock 
since it has a maximum range of 8 volts. However, 
with the cross coupling loop operating, a change of 
one volt error signal at the phase detector will pro- 
duce the desired increase in modulator drive and the 
phase loop sampling point is still within 20% of its 
center position. The same effect is present when the 
motor is locking in phase but it is not as pronounced 
since the cross coupling loop has a limited bandwidth. 
Oscillator and Modulator 

The oscillator V5, (refer to figure HWS-8) is a 
free running multivibrator that is locked to the 68- 
cycle reference signal by the negative going trigger 
pulse from the plate (pin 2) of stage V1. The output 
signal of the oscillator can be observed at test point 
TP2. It is a squarewave pulse with a frequency of 360 
cycles and an amplitude of 75 volts peak-to-peak when 
the SERVO-SYNC switch (S1) is in the SERVO 
position. When switch S1 is in the SYNC position the 
oscillator frequency is 240 cycles. The oscillator output 
is applied to the modulator consisting of crystal 
diodes CR9 and CRIO. 

The modulator converts the dc error signal into a 
360-cycle square wave, the amplitude of which is pro- 
portional to the amplitude of the dc error signal. An 
analogy can be drawn between the operation of the 
modulator and the operation of a relay with the oscil- 
lator signal acting as the control signal turning a dc 
voltage on and off. The positive dc error signal is 
applied to diode CR10 causing it to conduct thereby 
generating the leading edge of a squarewave. When 
diode CR9 conducts (on the negative half-cycle of 
oscillation) it places a negative bias on the plate of 
diode CR10; thereby placing it in an open circuit 
condition. Therefore the dc voltage across R33 alter- 
nates between the dc error signal and ground at a 
360 cps rate. This results in a 360-cycle square wave 
at the output of the modulator (TP6) which is pro- 
portional to the dc error signal fed into the modu- 
lator. A negative de error signal would produce no 
output because diode CR10 would not conduct when 
a negative voltage is applied to its plate. The square- 
wave output signal from the modulator is applied to 
the motor drive potentiometer R92 which sets the 
loop gain for the servo system. The signal from the 
potentiometer is applied to relay Ki which discon- 
nects the drive to the motor when the tape recorder 
is in the stop mode. 
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Figure HWS-8. Oscillator and Modulator Simplified Schematic Diagram 


AC Amplifier 

The a-c amplifier V14 (refer to figure HWS-16) 
increases the signal to the level required to drive the 
Headwheel Power Amplifiers. The 360-cycle square- 
wave signal is applied to the grid (pin 2) of V14 
through relay Ki. The signal amplitude is increased 
by the two stage voltage amplifier. The amplifier out- 
put signal is applied to a tuned LC filter the output 
of which is a 360-cycle sine wave; this filter is tuned 
to 360-cycles by adjusting inductor L3, The filter 
output is fed to the cathode follower V15A. 

The output cathode follower, V15A, has two-phase- 
shifting networks tied to its cathode. The voltage 


between the junction of resistors R106 and R172, 
(TP1@) and chassis ground leads the voltage at the 
cathode of V15A by about 45 degrees. The voltage 
between resistor R167 (TP11) and chassis ground lags 
the voltage at the cathode of ViS5A by about 45 
degrees; so that, a 90 degree phase shift exists be- 
tween the two output voltages. The QUAD ADJUST 
control (R188) of the upper network permits adjust- 
ment of the phase difference to exactly 90 degrees at 
360 cycles. For proper operation of the Scott-con- 
nected transformers, see figure SA2 of the servo 
power amplifier section of the instruction book. 


MAINTENANCE 


Setup Adjustments 


Proper operation of the headwheeil serve system 
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adjustments be sure that the headwheel pewer ampli- 
fiers (units 5@2 and 503) are properly adjusted. With 
a Tektronix Type 535 oscilloscope or equivalent, make 


depends upon the correct adjustment of the system the headwheel servo adjustments as outlined in the 
controls. Before making the headwheel servo setup following table. 
SETUP 


ee 
Step No. 


be 


10 


il 


13 


i 
VA 


16 


Figure No. Connect Scope To* 


HWS-9A DC ERROR (TP-5)* 

HWS-9B “A” input co GO cycle 
reference 

HWS-9C “A” input as in step 8 


“B" input to LOCKED 
OSC (TP-1) 


HWS-9C Same as Step 9 
HWS-91) Same as Step 9 
HWS-9F VEL GAIN (TP-8) 
HSW-9F PHASE 1 AMP (TP-10} 
HWS-9G “A” input to 60 cycles 


REE (TP-1) 


“B” input to DC ERROR 
(TP-5) 


| Procedure 


Set the DELAY control (R114) to its mid-position. 


Set the PHASE GAIN control (R27) full counterclockwise. 
Set the VEL GAIN control (R83) fully clockwise. 

Set the MOTOR DRIVE control (R92) fully clockwise. 
Set the PHASE 2 AMP control (R£07) fully clockwise, 


Press the control panel STOP button. 


Adjust VEL DC SET control (R130) for 3 volts peak-to-peak. 


Check for an amplitude of 4 “0.5 volts peak-to-peak. 


Place the SERVO-SYNC switch in SYNC. Adjust 240 cycles 
OSC, control (R34) for a locked 4:1 count (exactly 4 cycles 
on “B" trace for every cycle on “A” trace). 


Determine the [lock-in range of the 240 cycles OSC. control 
(R34) by turning the control first in one direction until the 
pattern falls out of 4:1 lock and then in the opposite direction 
until the signal again falls out of lock. Then set the control in 
the center of the lock-in range (halfway between the two ex- 
treme positions). 


Place the SERVO-SYNC switch (St) in SERVO. Adjust 360 
cycles OSC. control (R35), for a locked 6:1 count (exactly 6 
cycles on “B” trace for every cycle on the “A” trace). **Then 
determine lock-in range of the 360 cycle OSC. control (as in 
step 10) and set the control in the center of the lock-in range. 


Press the control panel STANDBY button and note the motor 
starting voltage on the MOTOR VOLTAGE meter (reading 
obtained after initial kick of needle and just before needle drops 
to operating value). If necessary, adjust the VEL D€ SET con- 
trol (R130) until the starting voltage is 70 volts. 


Check for an amplitude of 11 *6.5 volts p/p. This value is 
usually obtained in the full clockwise position of the VEL 
GAIN control, R83, (pre-set position). If the amplitude is too 
large reduce the control setting? 


Adjust inductor 13 (directly above TP-10) for minimum dis- 
tortion of the 3G0 cycle sine wave. 


Check the amplitude of each of the three motor-voltage phases 
by placing the PHASE SELECTOR switch in positions 1-2, 1-3, 
and 2-3, and observing the MOTOR VOLTAGE meter. If the 
amplitudes are unequal adjust the PHASE 2 AMP control 
(Ri07), and QUAD ADJ control (R108) for the best amplitude 
balance. At the end of these adjustments the three voltages 
should be between 3@ and 3% volts and within about 2 volts of 
each other. 


Adjust the MOTOR DRIVE control (R92) for 1.4 volts p-p.£ 
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SETUP (Centinued) 


Cennect Scape To* 


Figure No. 


HW5-9H “A” input same as step 16 


CTP-1) 
“B? input to VEL GAIN 


Procedure 


Adjust the PHASE GAIN control (R27) to its mid-position., 


Adjust the DELAY control (R114) until the 240 cycle square 


CTP-8} wave on the “B” trace focks with the 60 cycle pulse on the 


HWS-9I “A” input same as step 16 
(TP-1) 
“B” input to PHASE 
GAIN (TP-3) 


HWS-9! Same as Step 18 


“A’ trace (4:1 lock). 
Adjust the PHASE GAIN control (R27) for 7 volts p-p. 


Check to see that the pip ts locked on the slope of every fourth 


trapezoid waveform. Touch up the DELAY control (R114) 
until the pip is locked at a point 10% helow center.§ 


* Lock scope sweep to internal syne for steps 1 and 13 only. For all other steps lock the sweep to 60 cycle REF (TP-1). 
*&In steps 9 and 16, the oscillator may lock in undesired modes. Make certain to adjust the oscillator controls for the exact 


ratio desired (4:1 in step 9, G:1 step 10). 


+ As shown in figure IIWS-9F, the sampling pip should be locked on the trapezoid slope about 25%, below center. This indi- 


cates that the velocity loop is functioning correctly. 


¢1In the STOP mode, the de error voltage (adjusted in step 7) is 3 voles. In STANDBY, with the motor running and the 
velocity loop locked in, the voltage drops to 1.4 volts. In the PLAY mode, with the motor under load, the voltage rises 


to L.7 volts p-p. 


§ The pip is set below the center to allow for the effect of the tape load during recording and playback, which will move 


the pip to the center. 


Normal Reading of MOTOR VOLTAGE Meter 
During Record and Playback 

During record and playback, under normal condi- 
tions, the M@T@R V@LTAGE meter will usually 
read between 35 and 45 volts and may go as high as 
50 volts. If the reading is greater than 50 volts, check 
for an excessive load on the headwheel motor. The 
condition may be due to excessive vacuum guide pres- 
sure or a tape which gunks the headwheel., 


Synchronous @peration of the Headwheel Motor 
Under Emergency Conditions, 

A locked 240 cycle oscillator on the headwheel 
servo chassis permits driving the headwheel motor 
synchronously, as an emergency measure, if difficulties 
are encountered in operation of the servo loop. For 
synchronous operation place the SERV@-SYNC switch 
(S1) in the SYNC position and adjust the SYNC 
AMPLITUDE control (R152) until the M@®T@R 
V@LTAGE meter reads about 70 volts and the jitter 
of the meter needle is less than three (3) volts. 


Trouble Shooting 

For proper operation of the headwheel servo sys- 
tem the velocity loop must lock before the phase loop 
will lock. To check for velocity loop lock, connect an 
oscilloscope to test point TP8 (VEL GAIN). The 
waveform should be as shown in figure HWS-11I. If 
the proper indication is obtained at TP8 connect the 
oscilloscope to test point TP1 (60 REF) the waveform 
should be as shown in figure HWS-9B. If the cor- 
rect indication is not obtained check the reference 
generator, 


If the correct waveform is not obtained at TP8, 
connect the oscilloscope to test point TP4 (240 TW); 
the waveform should be as shown in figure HWS-11B. 
(No waveform at TP4 indicates possible trouble in 
the tonewheel amplifier). Check to see if the head- 
wheel motor is running. If the motor is not running 
place the SERV@-SYNC switch in the SYNC posi- 
tion. (This opens the servo loop.) If the headwheel 
motor still fails to run, check for proper output at 
TP10 (PHASE 1 AMPLITUDE) and TP11 (PHASE 
2 AMPLITUDE), see figures HWS-13I and HWS- 
13J respectively. If the proper output is not obtained 
at test point TP10 and TP11, check for proper opera- 
tion of the 360 cycle oscillator V5 at test point TP2 
(LOCKED OSC.), see figure HWS-13C. If the proper 
output is obtained at TP2, check the servo power 
amplifiers, units 502 and 503, for correct output. The 
amplifier output voltage can be monitored on the 
headwheel servo M@T@R V@LTAGE meter; the 
readings should be approximately 70 volts each. 
Waveforms and Voltages 

Figures HWS-9 to HWS-14 show typical wave- 
forms obtained throughout the unit for use as an aid 
in trouble shooting. All waveforms were obtained 
with a Tektronix Type 535 A Oscilloscope having a 
10:1 attenuator probe (11.5 pf), and with the tape 
recorder in SETUP. 


The Voltage Table adjacent to the schematic dia- 
gram (figure HWS-16) indicates typical tube socket 
voltages taken with respect to chassis ground, and 
were measured with a vacuum-tube voltmeter 
(VTVM). All voltages are dc unless otherwise noted. 
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A. DC ERROR (TPS} 


B. 60 ~ REF (TP1} 
Amplitude: 1 vol#/cm 


C. (1) 60 ~ REF (TP1) 
Amplitude: 1 volt/cm 


(2) LOCKED OSC (TP2} 
Amplitude: 20 volts/cm 
Switch $1 in SYNC 
240 ~ OSC control set 
for 4:1 lock (240 cps} 


D. (1) 60 ~ REF (TPT) 

(2) LOCKED OSC (TP2) 
Amplitude: 20 volts/cm 
Switch S1 in lock 
360 ~ OSC control set 
for 6:1 lock (360 cps} 


E. VEL GAIN (TP8? 


F. PHASE 1 AMP (TP10) 
Amplitude: 2 volts/cm 


Amplitude: 0.5 volt/cm 


G. (1) 60 ~ REF (TP1) H 
(2) DC ERROR (TP5) 
Amplitude: 0.5 volt/cm 


. €1) 60 ~ REF (TP1) I. 
(2) VEL GAIN (TP8) 
Amplitude: 5 volts/cm 


(1) 60 ~ REF (TP1) 
(2) PHASE GAIN (TP3) 
Amplitude: 2 volts/cm 


Figure HWS-9. Waveforms for Use with Setup Procedure 
{Sweep Rate: 2000 usec/cm]) 
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A. 60 — REF (TPI) B. V1 Plate (pin 1) C. Vi Plate (pin 6) 
Sweep Rate: 100 usec/cm Sweep Rate: 100 usec/em Sweep Rate: 100 usec/cm 
Amplitude: 4.9 volt/em Amplitude: 26 volfs/cm Amplitude: 16 valts/em 


D. V2 Plate (pin 1) E. V2 Plate (pin 6) F. V3 Cathode (pin 5) 
Sweep Rate: 100 usec/cm Sweep Rate: 100 usec/cm Sweep Rate: 100 usec/cm 
Amplitude: 20 volts/cm Amplitude: 100 volts/cm Amplitude: 5 volts/cm 


G. V3 Plate (pin 7) H. V3 Plate (pin 7) I. V3. Plate (pin 7} 
Sweep Rate: 100 usec/cm Sweep Rote: 500 usec/cm Sweep Rote: 2000 usec/cm 
Amplitude: 5 volts/cm Amplitude: 5 volts/cm Amplitude: 5 volts/cm 


Figure HWS-10. Typical Waveforms 
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A. 240 ~ T.W. (TP4) B. 240 ~ T.W. (TP4) C. V7 Plate (pin 1} 
Sweep Rate: 2000 usec/cm Sweep Rate: 100 usec/cm Sweep Rate: 100 usec/cm 
Amplitude: 2 volts/cm Amplitude: 2 volts/cm Amplitude: 100 volts/cm 


BD. V7 Grid (pin 7) E. V7 Cathode (pin 8) F. V9 Cathode (pin 5) 
Sweep Rate: 500 usec/cem Sweep Rate: 500 usec/cm Sweep Rate: 500 usec/cm 
Amplitude: 100 volts/cm Amplitude: 20 volts/cm Amplitude: 5 volts/cm 


G. PHASE GAIN (TP3) H. PHASE GAIN (TP3) |. VEL GAIN (TP8) 
Sweep Rate: 500 usec/cm Sweep Rate: 2000 usec/cm Sweep Rate: 500 usec/cm 
Amplitude: 5 volts/cm Amplitude: 5 volts/cm Amplitude: 10 volts/cm 


Figure HWS-11. Typical Waveforms 
{Dual Trace-—60-cycle Reference on Bottom! 
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A. V1Z Plate (pin 1} B. V8 Plate (pin 1) C. ¥16 Cathode (pin 8) 
Sweep Rate: 500 usec/cm Sweep Rate: 500 usec/em Sweep Rate: 500 usec/cm 
Amplitude: 50 volts/cm Amplitude: 50 volts/cm Amplitude: 10 volts/cm 


D. V18 Plate (pin 1} E. DELAY (TP12) F. V18 Plate (pin 6) 
Sweep Rate: 500 usec/cm Sweep Rate: 100 usec/cm Sweep Rate: 100 usec/cm 
Amplitude: 50 volts/em Amplitude: 20 volts/cm Amplitude: 100 volts/cem 


G. V17 Cathode (pin 5) H. V17 Cathode (pin 1) 1. V17 Cathode (pin 1} 
Sweep Rate: 100 usec/cm Sweep Rate: 100 usec/cm Sweep Rate: 500 usec/em 
Amplitude: 10 volts/em Amplitude: 10 volts/em Amplitude: 10 volts/em 


Figure HWS-12. Typical Waveforms 
{Dual Trace—240 TW Reference on Bottom) 
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A. Diode CR11 (Cathode) B. V5 Plate (pin 1) C. LOCKED OSC (TP2} 
Sweep Rate: 2000 usec/cm Sweep Rate: 2000 usec/cm Sweep Rate: 2000 usec/cm 
Amplitude: 20 volts/cm Amplitude: 50 volts/cm Amplitude: 20 volts/cm 


D. MOD OUT (TP6) E. MOTOR DRIVE F. V14 Plate (pin 1) 
Sweep Rate: 2000 usec/cem Sweep Rate: 20000 usec/cem Sweep Rate: 2000 usec/cm 
Amplitude: 0.5 volt/cm Amplitude: 0.5 volt/cm Amplitude: 0.5 volt/cm 


G. V14 Plate (pin 6) H. V15 Cathode (pin 3} 1. PH 1 AMP (TP10) 
Sweep Rate: 2000 usec/cm Sweep Rate: 2000 usec/cm Sweep Rate: 2000 usec/cm 
Amplitude: 2 volts/cm Amplitude: 1.0 volt/cm Amplitude: 1.0 volt/cm 


J. PH 2 AMP (TP11) K. TP10 and TPT1 
Sweep Rate: 2000 usec/cm : Sweep Rate: 2000 usec/cm 
Amplitude: 1.0 volt/em Amplitude: 0.5 volt/cem 


Figure HWS-13. Typical Waveforms 
{Dual Trace—60-cycle Reference Pulse at Bottom, Amplitude 20 volts/cm} 
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A. LOCKED OSC (TP2)} B. MOTOR DRIVE (TP7} 


Sweep Rate: 2000 usec/cm Sweep Rate: 2000 usec/cm 
Amplitude: 20 volts/cm Amplitude: 0.5 volt/cm 


c. PH 1 AMP (TP10) D. PH 2 AMP 
Sweep Rate: 2000 usec/cm Sweep Rate: 2000 usec/cm 
Amplitude: 1.0 volt/cm Amplitude: 1.0 volt/cm 


Figure HWS-14. Typical Waveforms 
{SERVO-SYNC Switch in SERVO) 
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Figure HWS-15. Headwheel Servo {Rear View] 
LIST OF PARTS 


Drawing No. 


Symbol No. | Stock No. | 


_ HEADWHEEL SERVO (#8974478-502) _ 14 | 


Description 


Peo oy es atte Te Sot 
CAPACITORS: 

plastic, 0.1 wf 410%, 200 v 
electrolytic, 10 uf 25 v 
plastic, 0.047 pi £18®%, 
electrolytic, 


990786-275 
8958264-24 
990786-371 
458557-14 


203046 
400 ¥ 
32342 


10/10 pf 450 v 


C4B 

CS 

C6, CF 
C8 

C9 
CLOA, CLOB 
CLI 
C12,€13 
C14 

C15 
C16, CLT 
C18 

C19 


211741 
32342 


221704 


221714 
220013 


990786-371 
990786-283 
727866-263 
737816-57 

458557-14 

8976580-2 

990429-177 
727866-155 
990786-379 
990786-375 
993026-900 
993026-892 


Not Used 
plastic, 
plastic, 
mica, 470 
paper, 1. 


electrolytic, 


ceramic, 
paper, 
mica, 220 
plastic, 

plastic, 

mica, 43, 
mica, 20, 


0.047 pf £10%, 
LAT uf £10%, 
500 v char ‘'B” 


buf 25%, 
uf £10%, 2 
LO/10 wu 
05. uk +90 


0.47 wf £10%, 


wet t10%, 


622 pf £10%, 


LL pf t10%, 
00 wut 1%, 
00 wuf t1%, 


400 ¥v 
200 v 


00 v 

f 450 v 

#80%, 500 v 
600 v 

500 v char ‘B” 
400 v 

400 v 

500 v 

500 ¥ 
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Symbol No. - 


21,022 


C34 

C35 to C37 
C3BA 
C38B 
C39, C40 
C41 

C42 

C43 

C44 

C45 

C46 
C47, C48 
C49 


C57 to C62 
C63, C64 
C65 

C66 
C67, C68 
C69 

C70 

oval 
C72, C73 
CT4 

C75 

C76 

CTT 

C78 

C79 

CBO 
C81, 82 
C83 

CRI 

CR2 

CR3 

CR4 

CRS 

CR6 to CRIO 
CRL 
CR12 
DS1 
DS2, DS3 
Fl 


219660 


32342 


32342 


99295 


99133 


219661 
32342 


218097 
95914 


78145 


91391 


211741 


219245 
221128 
219245 


221128 
214105 
221128 


101857 
218628 
51800 
99165 
52107 
55806 


j Stock No. 


f 
t 


990786-379 
88 11L182-5 


727851-123 
8924416-119 
990786-375 
458557-14 


127866-163 
990786-275 
458557-14 
990786-275 
8976 580-2 


458557-5 


8811182-5 
990786-371 
472938-1 


7127866 -269 
990786-375 
727866-271 


8976580-2 
8924416-119 
458557-14 
990786-371 
990786-279 
727866-163 
8811182-5 
8976 580-1 
458558-1 


727866-27) 
8958 264-46 
990786 - 283 
727866-271 
442901-74 

990786-275 


7378 16-57 

990786-283 
990786-375 
8924416-314 
8914319-322 


8811182-5 
727866-155 


872291-9 
990157-107 
255223-2 
727969-26 
727969-13 
727969-7 


Drawing No. 


Description 


Not Used 


plastic, 6 460 ¥ 
ceramic, 10, } +100%, 450 + 
plastic, 0.1 200 v 

mica, 51 pf £5% v char “D”? 
mica, 100 puf 500 v char “B” 
mica, 1000 uwuf %, 500 v 

plastic, G.1] wf 410%, 400 v 
electralytic, 10/10 wf 450 v 

Not Used 


mica, 47006 guf £10%, 500 v char “B” 
plastic, 0.1 pf +10%, 200 v 
electrolytic, 10/10 wf 450 v 
plastic, O.1 wf £10%, 200 v 
ceramic, 0.05 wf -20 +80%, 500 v 
Not Used 
electrolytic, 
Not Used 
ceramic, 16,000 puf -20 +100%, 
plastic, 0.047 pf 410%, 400 v 
electrolytic, 10 uf 450 v 

Not Used 

mica, 8200 uwuf £5%, 
plastic, 0.1 uf 410%, 
mica, 10,000 wuf 15%, 
Not Used 

ceramic, 0.05 uf -20 +80%, 
mica, 2700 wuf £1%, 500 v 
electrolytic, 10/10 pf 450 v 
plastic, 0.047 uf 410%, 400 v 
plastic, 0.22 wf +10%, 200 v 

mica, 4700 puf £10%, 500 v char “B” 


20/20 wf 450 v 


450 v 


300 v char “B” 
400 v 
300 v char “B” 


500 v 


ceramic, 10,000 puf -20 +100%, 450 v 
ceramic, 0.1 wf -20 +80%, 500 v 
electrolytic, 125 wf -10 +50%, 350 v 
Not Used 


mica, 10,000 puf +5%, 300 v char “B” 
electrolytic, 10 uf 150 v 

plastic, 0.47 pf £10%, 200 v 

mica, 10,000 puf +5%, 300 v char “BY” 
electrolytic, 10 uf 450 v 

plastic, 0.1 wf +10%, 200 v 

Not Used 

paper, 1.0 uf £10%, 
plastic, 0.47 wf +10%, 200 v¥ 
plastic, 0.1 wf £10%, 400 v : 
mica, 1500 puf £5%, 500 v char “F” 
mica, 82 wuf +5%, 500 v char “‘F” 
Not Used 

ceramic, 10,600 wuf -20 +100%, 
mica, 2200 puf +10%, 
Not Used 
Diode: 
Diode: 
Diode: 
Not Used 
Diode: 
Diode: 
Diode: 
Not Used 
Lamp: indicating NE51 

Fuse: 3/4 A 250 v slo-ble 
Connector: coax 

Connector: female, 4 contacts 
Connector: male, 4 contacts 
Cennecter: male, 8 contacts 


200 v 


450 v 
500 v char ‘B” 


type IN2071 
type 1N456 
type IN2071 


type 1N456 
type IN458 
type 1N456 


eo ea 


J8 
Kl 


R28 
R29, R30 
B31 

R32 

R33 
A34,R35 
R36, R37 
R38 

R39 

R40 
R41, R42 
R43, R44 
R45 

R46 

R47 

R48 

R49 te R56 
R57 

R58 

R59 

R60 

R61 


Stock No. | 


CD pot 
= 


54246 
66344 


66344 
54246 
66344 
99213 
52108 
55808 
66344 


215169 


212133 


221706 


211785 


222580 


93469 
207410 


Drawing No. 


8980017-1 


252868-1 
893648-2 
252868-1 


252868-1 
893648-2 
252868~- 1 
727969- 27 
727969-14 
127969-8 
252868-1 


82283-239 
99126-78 
82283-54 
8 2283-207 
82283-173 
82283-94 
82283-86 
82283-153 
82283-98 
99126-189 
82283-195 


82283-223 
82283-207 
82283-86 
90496-60 
8835333-109 


82283-50 
90496-6090 
90496 -209 
82283-231 
8971860-120 
82283-2007 
82283-187 
82283-209 
82 283-201 
90496 -209 
737881-3 
990188-409 
90496-6090 
82283-207 
90496-88 
82283-225 
990733-451 
82283-199 
82283-201 
82283-187 
82283-207 


8835333-140 
990185-561 
90496-80 

8 2283-86 
90496-183 
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Description 

Connector: coax 
Relay: 24 v D.C. D.P.D.T. 
Coil: variable, 15/60 MH 
Coil 
Meter: 6-100 ¥, AC 
Connector: coax, cable mtg. 

Connector - only 

Adapter - solder type 
Connector: coax, cable mtg. 
(Connector: coax, cable mtg. 

Connector - only 

Adapter - solder type 
Connector: coax, cable mtg. 
Connector: male, 4 contact 
Connector: female, 4 contacts 
Connector: female, 8 contacts 
Connector: coax, cable mtg. 
RESISTOR: 
Fixed, Composition ~ unless otherwise specified 


2.2 meg +5%, 4% w 

22,000 ohms +10%, 2 w 

220 ohms, £+10%, % w 
100,000 ohms, £5%, % w 
3900 ohms 15%, % w 

470,000 ohms, £10%, % w 
100,000 ohms, +10%, % w 
560 ohms, +5%, 4% w 

l meg +10%, 4 w 

18,000 ohms 15%, 2 w 
33,000 ohms, +5%, % w 

Not Used 
470,000 ohms, £5%, 4% w 
100,000 ohms, +5%, 4w 
100,000 ohms, +10%, % w 
680 ohms, +10%, 1 w 

1000 ohms, +1%, 4w , film 
Not Used 

100 ohms, +10%, 4% w 

680 ohms, +10%, 1 w 
120,000 ohms, +5%, lw 

1 meg +5%, 4% w 

variable, 2.5 meg 420%, 2 w 
100,000 ohms, £5%, % w 
15,000 ohms, £+5%, % w 
120,000 ohms, £5%, 4 w 
56,000 ohms, 15%, 4% w 

120 000 ohms, 15%, 1 w 
variable, 2000/2000 ohms, 120%, 2 w 
Tins P25bC atime, tle, 1 
680 ohms, 110%, L w 
100,000 ohms, £5%, % w 
150,000 ohms, 410%, 1 w 
560,000 ohms, 15%, % w 


33,200 ohms, £1%, 1 w 
47,000 ohms, 15%, % w 
56,000 ohms, 45%, % w 
15,000 ohms, +5%, % w 
100,000 ohms, +5%, % w 


Net Used 

film, 8200 ohms, +1%, 4 w 
0.422 meg 41%, Yow 

33,000 ohms, £+10%, lw 
100,000 ohms, +10%, 4 w 
10,000 ohms, £5%. 1 w 
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Symbol No. Stock No. 

R62 | 219729 | 8945608-199 film, 3.16 meg, +1%, 1 
R63 Not Used 

R64, RES , 219728 8945608- 198 film, 33,200 ohms, 41%, 2 w 
R66 i 82283-99 1.2 meg £10%, % 

R67 / | &2283-95 566,006 ohms, t10%, ’% w 

R68 i 90496-195 33,000 ohms, £5%, 1 

R69, RTO 96496-6060 680 ohms, 0%, 1 w 

R71 62283-1171 3300 ohms, 15%, 4% w 

R72 82283-219 330,000 ohms, 15%, 4% w 

R73 216376 990733-518 film, 150,000 ohms, +1%, I w 
R74 82283-221 390,000 ohms, £5%, % w 

R75 82283-171 3300 ohms, £5%, % w 

R76,R77 90496-6090 680 ohms, +10%, 1 w 

R78 Not Used 

R79, R80 82283-50 100 ohms, +10%, % w 
R81, R82 90496-60 680 ohms, +10%, 1 w 
R83 212133 8971860-120 2.5 meg £20%, 2 w variable 
R84 to ROL Not Used 
R92 98077 8971860-113 variable, 50,000 chms, £10%, 2 w 
R93 82283-98 l meg +10%, % w 

R94 82283-86 100,000 ohms, +10%, 4% w 

95 82283-159 1000 chms, £5%, % w 

R96 90496-183 10,000 ohms, £5%, 1 w 

497 §82283-98 1 meg £10%, 4w 

R98 90496-74 10,000 ohms, £10%, 1 w 

R99 82283-86 100,000 ohms, 410%, 4% w 
ALOO 82283-239 2.2 meg £5%, ’w 

RLOL 82283-159 1000 ohms, £5%, 4 w 

R102 82283-225 560,000 ohms, 15%, % w 

R103 90496-75 12,000 chms, +10%, 1 w 

4104 82283-199 7,000 ohms, £5%, % w 

R105 Not Used 

106 82283-185 12,000 ohms, 15%, % w 

R107, RLO8 979@1 8971860-117 variable, 506,000 ohms, +10%, 2 w 
R109 Not Used 

R1i1O, BRILL 90496-60 680 ohms, +10%, 1 w 

Pi2 99126-79 27,000 ohms, +10%, 2 w 

R113 221703 8 945608-201 film, 1.10 meg 41%, % w 
R114 57402 8971860-116 variable, 250,000 ohms, £10%, 2 w 
RLS 82283-86 100,000 ohms, +10%, % w 
RL16 219728 8945608-198 film, 33,200 ohms, 11%, 2 w 
RI17 90496-183 10,000 ohms, £5%, 1 w 

R118 219728 8945608-198 film, 33,200 ohms, 1%, 2 w 
RLL9 82283-171 3300 ohms, £5%, % w 

Ri20 90496-62 1000 ohms, +10%, 1 w 

RL21 8228 3-223 470,006 ohms, £5%, 4 w 

R122 82283-207 100,000 ohms, £5%, % w 

R123 82283-183 10,000 ohms, +5%, % w 

R124, R125 90496-60 680 ohms, +10%, 1 w 

R126, R127 215169 8835333-109 film, 1000 ohms, +1%, % w 
R128, R129 8228 3-231 1 meg £5%, 4% w 

R130 93175 8971860-110 variable, 10,000 ohms, 10%, 2 w 
R31 206018 9907 30-566 film, 475,000 ohms, #1%, % 
R132 §2283-221 390,000 ohms, £5%, 4% w 
R133, R134 $0496-60 680 ohms, +10%, 1 w 

R135 Not Used 

R136 82283-1191 22,000 ohms, £5%, 4 w 

RL37 90496-209 126,000 ohms, 15%, 1 w 

R138 82283-20601 56,000 ohms, £5%, 4 w 

R139 90496-203 68,900 ohms, +5%, 1 w 

R140 82283-191 22,000 ohms, £5%, 4% w 

R1i41 82283-201 56,000 ohms, £5%, 4 w 

R142, R143 82283-1111 16 ohms, £5%, % w 

R144 Pe. of XDS2 

Ri45 82283 -87 120,000 ohms, 410%, % w 


pe _ pa act as 


merry re fest 


R146 

R1AT 

R148 

R149 
R150, 8151 
R152 

RIS 
B154,t0 BL57 
R158 

R159 
R160, RL61 
R162, R163 
R164, R165 
R166, R167 
R168 
R169, RIT 
RL71 

RLT2 

R173 

R174 


TPk to TP12 
XADS1 
XADS2, XADS3 
XDS1 

XDS2, XDS3 
XFL 

XK1 

XV, XV2 

XV3 

XV4 

XV5 

XV6 

XV7 

XVB, XV9 
XV16 

XV11 

XV12 to XV16 
XV17 
XV18,XV19 


2056044 


221130 


221705 
218632 
51936 


51936 
94713 
208983 


208080 


208458 
48894 
68590 
94926 
94925 


94926 


94.926 
94925 


$4926 


94926 
94925 
94926 


30075 
99244 


Drawing No. 


82 283-94 
82283-1711 
82283-67 


8971860-114 
82283-67 


82283-214 
82283-159 
722362-199 
82283-171 


82283-183 


82283-175 
990730-538 
82283-201 


82283-50 

90496-186 
82283-167 
82283-199 
8 2283-240 
8 2283-159 
8462423-] 
8441361-1 
895314-] 


895314-1 
443975-3 
8825493-7 


$$0788-507 


990789-5 
99088- 2 
99100-4 
737870-14 
737867-14 


737870-14 


7870-14 
7867-14 


72 hots 
O(O(U-L4 


3 
3 


T 
7 
q 
( 


T3787G0-14 
737867-14 
T37870-14 


712336-507 
8849946-1 
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Pe. of XDS3 


, 
3300 ohms, £5%, 

2700 ohms, £10%, % w 
Not Used 

variable, 100,000 ohms, +10%, 2 w 
2700 ohms, 410%, % w 

Not Used 

206,000 ohms, £5%, % w 

1000 ohms, £5%, 4% w 


47,000 ohms, w 
3300 ohms, +57 

Not Used 

10,000 ohms, £5%, % w 
Not Used 


4700 ohms, £5%, % w 

film, 243,000 ohms, £1%, % w 
56,000 ohms, +5%, 4% w 

Not Used 

100 ohms, +10%, % w 

13,000 ohms, £5%, 1 w 

2200 ohms, +5%, 4% w 

47,000 ohms, £5%, % w 

2.4 meg 5%, 4 w 

1000 ohms, +5%, % w 

Switch: rotary 

Switch: rotary 

Transformer: pulse 

Not Used 
Transformer: 
Transformer: 


pulse 
filament 


Jack: tip, yellow 

Not Used 

Jewel: indicating lamp 

Not Used 

Socket: indicating lamp 
Holder: fuse 

Socket: relay 

Secket: tube, 9 pin miniature 
Socket: tube, 7 pin miniature 
Not Used 

Socket: tube, 9 pin miniature 
Not Used 

Socket: tube, 9 pin miniature 
Socket: tube, 7 pin miniature 
Socket: tube, 9 pin miniature 
Not Used 

Socket: tube, 9 pin miniature 
Socket: tube, 7 pin miniature 
Secket: tube, 9 pin miniature 


Miscellaneous: 
Knob: black 
Knob: red 
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Figure HWS-16. Headwheel Servo Schematic Diagram 
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Figure TWA-1. Tonewheel Amplifier, Front View 


TECHNICAL DATA 


Power Required Output Impedances 


AC: 117 volts, 50/60 cps, 55 watts 75 ohms 
(from circuit breaker No. 5) 

DE: 280 volts, 120 ma Fuse 
(from power supply No. 2, unit 410) 
—150 volts, 100 ma 
(from —150 volt power supply, unit 405) 


114 amperes, slo-blo, 3AG 


Tube and Diode Complement 


Input Tubes: 
240 cycle pulse: 1—5670 
1.5 to 1.8 volts p-p (from tonewheel head) 9—12AT? 
5—6ALS5 


Outputs 
i—12BH7A 


240 cycle pulse: 
4 volts p-p, nominal (to headwheel servo, unit 504) 2—12AU7 


Delayed 240 cycle square-wave: 3—5687 
4 volts p-p, nominal (to capstan servo, unit 404) 


960 cycle pulse: 
4 volts p-p, nominal (to guide servo, unit 506) 9—IN34A 


Diodes: 


deyijduiy jaaymauo0, jo winibpig y20]g ‘z-yMi 34nBi4 


VI~5670 
PRE~AMPLIFIER 


40v 
2OV 


V2-l2AT? 
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VI8~ 12AT7 
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Figure {WA-3. Position of Frame Pulse in 
Relation to Centrol Track Signal 


DESCRIPTION 


Figure TWA-1 shows a front view of the Tonewheel 
Amplifier (unit 505). The three basic functions of the 
unit are: 


1. To amplify and shape the 240-cycle input pulse 
from the tonewheel head into a 240-cycle rectangular 
pulse of 50 microseconds width. (Refer to block dia- 
gram, figure TWA-2.) 

2. To provide the above 50 microsecond pulse with 
an adjustable delay, and convert it into a 240-cycle 
square wave. 


3. To generate a 960-cycle pulse which, through the 
utilization of an afc circuit, is “locked” to the incoming 
240-cycle tonewheel pulse. The 960-cycle pulse is also 
provided with an adjustable delay. 

The 240-cycle 50 microsecond rectangular pulse out- 
put is applied as a trigger pulse to the 4 x 2 switcher 
(unit 207) and 2 x 1 switcher (unit 309). The pulse 
is also applied to the headwheel servo (unit 504) where 
it is compared with pulses derived from a stable refer- 
ence source to maintain a constant headwheel velocity. 


The 240-cycle square wave output is fed to the cap- 
stan servo (unit 404) where it is converted into a 240- 
cycle sine wave and applied to the control track head 
during the record mode of operation. The delay 
available is variable from 350 to 2500 microseconds so 
that it is possible to adjust the position of the 240-cycle 
sine wave on the control track relative to the frame 
pulse (figure TWA-3). During playback the speed of 
the capstan motor, and hence the tape speed, is con- 
trolled by comparing the 240-cycle sine wave signal 
from the control track with the 240-cycle tonewheel 50 
microsecond pulse. 

The 960-cycle pulse output is applied to the guide 
servo (unit 506) and 2 X 1 switcher. An adjustable 
delay of, 450 to 850 microseconds ts previded to com- 
pensate for possible errors in quadrature between the 
tonewheel head and video head number 1, 


Circuits 

240-Cycle Puise. The 240-cycle tonewheel head pulse 
(figure TWA-4), having an amplitude of 1.5 to 1.8 
volts peak-to-peak, is fed into a preamplifier consisting 
of two cascaded triodes (V1) which increase the pulse 
amplitude to approximately 60 volts peak-to-peak. 
{Refer to block diagram, figure TW’ A-2, and schematic 
diagram, figure TWA-23.) Regenerative clipper V2 
converts the amplified tonewheel pulse into a rectan- 
gular pulse having an amplitude of approximately 42 
volts. The rectangular pulse is differentiated before 
weing fed simultaneously to diode V3A and ampli- 
fier Vil; 


The leading edge of the negative-going differen- 
tiated pulse triggers multivibrators V4 and V5. Trig- 
gering V4, the noise reduction multivibrator, shifts the 
biases on diodes V3A and V3B cutting them off and 
thereby disconnecting multivibrator V5 from the input. 
The time-constant of multivibrator V4 keeps the diodes 
cut off for a period slightly less than the 240-cycle 
pulse period. This prevents extraneous pulses or noise 
from reaching V5, thereby allowing only those pulses 
which arrive near the normal triggering time to pro- 
duce an output pulse. Potentiometer R24 (WIDTH 
240 PULSE) varies the bias voltage applied to the left- 
hand section of V5 so that the pulse width may be 
adjusted to exactly 50: microseconds (see Maintenance). 


The 240-cycle 50 microsecond pulse is fed from the 
cathode of the right-hand section of V5 to cathode fol- 
lower V6 which drives the output 75-ohm line. The 
pulse output, having an amplitude of approximately 4 
volts, may be observed at test point TP4 (@UTPUT 
240 PULSE) and is shown in figure TWA-5 (top). 


240-Cycle Square Wave. The 240-cycle pulse output 
from V7 ts differentiated, and the positive-going spike 
is clipped by diode V8B while the delayed negative- 
going spike is fed to square wave multivibrator V9. 
The trailing edge of the delayed negative-going pulse 
triggers V9 producing a 240-cycle square wave having 
an amplitude of approximately 150 volts peak-to-peak. 


Figure TWA-4. 240-Cycle Tonewheel Head 
Pulse at TP! 


TWA-4 


Top: 240-Cycle Pulse Gutput at TP4 
Bottom: 240-Cycle Square Wave Output at TPS 


Figure TWA-5. 


Top: 240-Cycle Pulse Gutput at TP4 
Bottour: 960-Cycle Pulse Gutput at TPé 


Figure TWA-6, 


Figure TWA-7. 240-Cycle Pulse Positioned 
on Slope of Trapezoidal Wave ITP9) 


Potentiometer R51 (SYMMETRY 240 SQ. WAVE) 
varies the grid bias voltage of the left-hand section of 
V9 so that a symmetrical square wave may be obtained 
(see Maintenance). 

The 240-cycle square wave output from V9 is fed to 
series amplifier Vi0, which drives a 75-ohm line. 
Figure TWA-5 (bottom) shows the 240-cycle square 
wave Output as it appears at test point TPS (OUTPUT 
240 SQ. WAVE) and output jack J3. 

960-Cycle Pulse. The 960-cycle pulse is generated 
internally by means of a free-running oscillator (V18). 
The frequency of the oscillator is compared with the 
frequency of the tonewheel pulse by an afc loop, and 
any error signal derived is utilized to control the oscil- 
lator frequency. Potentiometer R68 (FREQUENCY 
960) is provided in the oscillator circuit so that the 
960-cycle frequency may be set initially (see Main- 
tenance). Test point TP7 (FREQUENCY 960) is 
provided as a convenient point to observe the 960-cycle 
pulse, using a low capacity oscilloscope probe. 

The 960-cycle pulse output of V18, having an ampli- 
tude of approximately 40 volts, is differentiated, and 
the positive-going spike is clipped by diode V15A 
while the negative-going spike is fed to square wave 
multivibrator V19 as a triggering pulse. Multivibrator 


V19 produces a 960-cycle square wave which is fed 
simultaneously to cathode follower V20A and diode 
clipper V15B. Potentiometer R71 (SYMMETRY 960) 
varies the grid bias voltage of the left-hand section of 
V19 so that a symmetrical square wave output may be 
obtained (see Matntenance). 

Diode V15B clips the positive-going spike from the 
960-cycle differentiated square wave before it is fed to 
delay multivibrator Vi2 as a triggering pulse. The 
delay obtained by V12 may be varied from 450 to 850 
microseconds, with respect to the 240-cycle tonewheel 
pulse, by potentiometer R80 (DELAY 960) in the 
grid circuit of the left-hand section of V12 (see 
Maintenance). 


The output of delay multivibrator V12 triggers pulse 
width multivibrator V13 which produces a 960-cycle 
pulse having an amplitude of approximately 55 volts 
and a width which may be adjusted to 90-95 micro- 
seconds by potentiometer R86 (WIDTH 960) as de- 
scribed in the Maintenance section. The 960-cycle pulse 
output from V13 is fed to pulse driver stage V14 which 
operates as a cathode fellower, driving the 75-ohm line. 
Figure TWA-6 (bottom) shows the 960-cycle output 
pulse, having an amplitude of approximately 4 volts 
and a width of 90 to 95 microseconds, as it appears at 
test point TP6 (OUTPUT 960) and output jack J4. 


The afc loop, which provides an error signal to 
maintain a constant 960-cycle frequency, derives its 
information from the output of square wave mulii- 
vibrator Vid. The 96@-cycle square wave is fed ts 
shaper and clamper stage V16 which converts it into a 
trapezoidal wave. Cathode followers V20A and V20B 
provide isolation and impedance matching at either end 
of V16. 

Phase discriminator V21 receives the trapezoidal 
wave from cathode follower V20B, and the differen- 
tiated 240-cycle tone wheel pulse which has been 
amplified by pulse amplifier Vi1 before being coupled 
to the discriminator circuit by transformer T2. Poten- 
tiométer R111 (PHASE 960) provides an adjustment 
of the phase relationship between the trapezoidal wave 
and the 240-cycle pulse so that the pulse may be posi- 
tioned on the slope of the trapezoidal wave (figure 
TWA-7). (To adjust the PHASE 960 potentiometer, 
refer to the section on Maintenance.) 


When the 960-cycle oscillator begins to drift off fre- 
quency it causes a change in the phase relationship 
between the 240-cycle pulse and 960-cycle trapezoidal 
wave which in turn causes the phase discriminator to 
produce a de error signal. This error signal is fed from 
cathode follower V17 to the oscillator stage, correcting 
its frequency to remove the phase error. Switch S1 
(AFC ON-AFC OFF) in the cathode circuit of V17 
disables the afc circuit when in the OFF position (see 
Maintenance). 

IMPORTANT: The AFC switch must be in the 


ON position during all tape recorder modes of 
operation, 


MAINTENANCE 


Video Head Switching Adjustment Following 
Replacement of Headwheei Panei 

Replacement of the headwheel panel (unit 200A) 
may occasionally necessitate an adjustment of the video 
head switching point on the 2 X 1 switcher (unit 309). 


A. DELAY 960 Centro! Correctiy Adjusted 


TWA-5 


To determine whether or not this adjustment is neces- 
sary, place the machine in playback mode (tape 
threaded}, press MONITOR LINE OUT pushbutton 
on CRO/MON switcher, and observe the picture 
monitor. If horizontal lines appear, the switching point 
must be adjusted. To make the adjustment, rotate 
DELAY 960 control on tonewheel amplifier until hori- 
zontal lines disappear and position the control in the 
center of the range during which no horizontal lines 
are present. 


An alternate method of making the adjustment is by 
pressing OSCILLOSCOPE 2 X 1 OUT pushbutton on 
the CRO/MON switcher and observing waveform 
monitor while adjusting the DELAY 960 control so 
that the gaps between video head outputs are elimi- 
nated. (Refer to figure TW’A-8.) Position control in 
center of range as noted above. 


Tonewheel Amplifier Adjustments 

All tonewheel amplifier adjustments may be made 
from the front panel of the unit, utilizing a Tektronix 
Type 535 oscilloscope (or equivalent) having two low 
capacity attenuator probes (10:1, 11.5 uuf). 

The adjustment procedures outlined below are made 
with a normal 1.5 to 1.8 volt peak-to-peak tonewheel 
head input pulse applied to the unit. The AFC switch 
must be ON and the machine in setup mode, unless 
otherwise noted. The oscilloscope should be triggered 
with the output of the REF test point on the reference 
generator (unit 407) test module. If the adjustments 
cannot be made as specified, refer to the Trouble 
Shooting Chart. 

NOTE: The headwhee! servo must bee locked-in 
before the following adjustments are made, 


240-Cycle Pulse Width. 
i. Connect oscilloscope to OUTPUT 240 PULSE 
test point (TP4). 


B. BELAY 960 Control Misadjusted 


Figure TWA-8. 2 X 1 OUT on Waveform Monitor 


TWA-6 


& 2v/div; 1000 usec/div B. 2v/div: 20 usec/div 
Figure TWA-9. 240-Cycle Pulse Output at TP4 


Figure TWA 10. 240-Cycle Square Wave 
ot TPS (2v/div; 1000 usec/div) 


2. Adjust screwdriver control WIDTH 240 PULSE 240-Cycle Square Wave Delay Range, 
i ee having a 50 microsecond width 1, Connect escillescepe input A prebe ceo OUTPUT 
r 7A-9). 
aes 240 PULSE test peint (TP4) and input B prebe to 
240-Cycle Square Wave Symmetry. OUTPUT 240 SQ. WAVE test peint (TPS). 
1. Connect escillescepe prebe te OUTPUT 240 SQ. 
WAVE test peint (TPS). 2. Check DELAY 240 SQ. WAVE control for a 240- 
2. Adjust screwdriver control SYMMETRY 240 SQ. cycle square wave neminal delay range ef 350 te 2500 
WAVE fer symmetrical 240-cycle square wave (figure micresecends with respect te the 240-cycle pulse 
TWA-10). (figure TWA-ii). 


' 
on 
DELAY 
RANGE 


(350-2500. SECONDS ) 


Figure TWA-11. Delay Range of 240-Cycle Square Wave (bottomi 
with Reference to 240-Cycle Pulse ftopi 


Figure TWA-12. MON CT REC {TPIT} 
on Capstan Servo Chassis (0.5 v/div; 
1000 usec/div! 


TWA-7 


Top: 240-Cycie Pulse Output at TPR4 (2v/div: 
1000 usec/div} 
Bottom: 960-Cycle Pulse Output at TP6& (Sv/div: 
1000 usec/div} 


Figure TWA-13. 


Figure TWA-14. 960-Cycle Square Wave 
at TP& (50v/div; 500 usec/div) 


240-Cycle Square Wave Delay. 

1. Connect oscilloscope probe to MON CT REC test 
point on capstan servo chassis, unit 404 (or press CT 
REC pushbutton on CRO/MON switcher and observe 


waveform on waveform monitor). 


2. Adjust DELAY 240 SQ. WAVE control to center 
frame pulse in the positive half of the sine wave 
(figure TWA-12). 


960-Cycle @scillator Frequency. 

1. Connect oscilloscope input A probe to OUTPUT 
240 PULSE test point (TP4) and input B probe to 
OUTPUT 960 test point (TP6). 

2. Turn AFC switch off and adjust FREQUENCY 
960 screwdriver control to obtain 4:1 pattern on scope 
as shown in figure TWA-13, (The 960-cycle pulse will 


not remain locked on the 240-cycle pulse; however, 
the drift should be at a very slow rate. It should also be 
noted that the time interval between two consecutive 
960-cycle pulses is approximately 1@42 microseconds.) 


3. Return the AFC switch to ON position. 


960-Cyele Pulse Symmetry. 

1. Connect oscilloscope probe to SYMMETRY 960 
test point (TP8). 

2. Adjust SYMMETRY 960 screwdriver control to 
obtain a symmetrical 960-cycle square wave (figure 
TWA-14). 


960-Cycle Phase. 

4. Connect oscilloscope input A probe to OUTPUT 
240 PULSE test point (TP4) and input B probe to 
PHASE 960 test point (TP9). 


TWA-8 


& Top: 240-Cycle Pulse Output at TP4 
Bottom: PHASE 960 at TP? 
(Sv/div; 500 usec/div) 


B. Same as A Except Horizontal Sweep Rate is 
50 usec/div 


Figure TWA-15. 240-Cycle Pip om Slope of Every Fourth Trapezoidal Wave 


DELAY 
RANGE 


(450-850_« SECONDS) 


Figure TWA-16. Delay Range of 960-Cycle Pulse (bottom) with Reference to 240-Cycle Pulse (top) 


2. Adjust PHIASE 960 screwdriver control so that 
the 240-cycle pip is locked 45° down on the slope of 
every fourth trapezoid (figure TWA-15). 

3, Turn AFC switch off and on several times to ascer- 
tain that locking between the two frequencies occurs 
instantaneously and consistently. 


560-Cycle Pulse Delay Range. The 960-cycie pulse 
delay adjustment procedures have been outlined pre- 
viously under Video Head Switching Adjustment Fel- 
lewing Keplacement of Head Wheel Panel. To check 
the 960-cycle pulse delay range, proceed as follows: 

1, Connect oscilloscope input A probe to OUTPUT 
240 PULSE test point (TP4) and input B probe to 
OUTPUT 960 test point (TPG). 

2. Check DELAY 960 control for a 960-cycle pulse 
nominal delay range of 450 to 850 microseconds with 
respect to the 240-cycle pulse (figure TWA-16). 


960-Cyele Pulse Width. 

1. Connect oscilloscope probe to GUTPUT 960 test 
point (TPG). 

2. Adjust WIDTH 960 screwdriver control to obtain 


a 960-cycle pulse width of 90 to 95 microseconds 
(figure TWA-17). 


Figure TWA-17. 960-Cycie Puise Output 
at TP6é (Iv/div; 20 usec/div] 


Trouble Shooting 

The Trouble Shooting Chart indicates symptoms of 
possible troubles in the unit and corrective action to be 
taken if the troubles occur. If defective tubes or com- 
ponents are found while making circuit checks, replace 
with exact types and ratings specified. When making 
the circuit checks, a 240-cycle tonewheel input pulse 
must be present (tonewheel running) and the correct 
voltages must be applied to the chassis. 

Typical waveforms (figures TWA-i8 through 
TWA-21) and the Voltage Table (adjacent to the 
schematic diagram, figure TWA-23) may be used in 
conjunction with the Trouble Shooting Chart to facili- 
tate trouble shooting. 


TROUBLE SHOOTING CHART 


| alas Corrective Action See Figure | 
No Risciect Solas, Check fuse (144 ampere, slo-blo}. if replacement fuse blows | 
_— immediately, eliminate short before inserting another fuse. i 
Low amplitude of 240-cycle | Reposition tonewheel head with respect to tonewheel rim | | 
tonewheel head input pulse at | by moving head closer to rim. (Before making this adjust- | 
| yt (248 IN}. (Less than 1.6 | ment, the set-screw provided on the tonewheel head mount- | 
| voir peak-to-peak.} ing must be loosened.) 
CAUTION: Te prevent damage te the tonewheel 
head, do not allew the bead te come in contact 
with the tenewheel rim. 


Check resistors R! and R&8. €Approximately 240 volts de 
should appear at pin 1 of Ji with tonewheel head dis- 
connected. } i | 


No output signals. | Check for correct 240-cycle pulse input ac TP1 (TW | TWA-18A 
i ENPUT). 
Ascertain that normal operating voltages are applied to | 


unit. 
Check amplifier and regenerative clipper stages Vi and V2 TWA-18D 
at TP2 (PULSE V2). 


Incorrect or no output at J2 Check waveform at TP3 (PULSE V4} with low capacity TWA-I8E, 
(246 OUT PULSE} with nor- oscilloscope probe. If waveform is incorrect, check multi- 
mal output at J3. | vibrator V4 and associated circuit components. 

If waveform at TP3 is correct, check multivibrator V5, | TWA-18G 


output tube VG, and associated circuit components, 


Incorrect or no output at J3 | Isolate troulkle by a point-to-point check of muitivibrators | TWA-19A, 
(240 OUT S@®. WAVE) with | V7 and V9, and output stage Vie. 
normal, output at J2, 


Incorrect or no output at J4 Check waveform at TP8 (SYMMETRY 960). If the cor- TWA-20A, C, D, E, F, 
(960 OUT) with normal out- rect waveform is present, check multivibrators Vi2 and V13, | G 
put at 2, output tube Vi4, and associated circuit components. If the 
} normal waveform does not appear at TP8, check multi- 
vibrator V19 and the 960-cycle oscillator stage. 


NOTE: Replacement of oscillator tube V18, or |; TWA-20A, B 
components in the oscillator circuit, will necessi- 
tate readjustment of the 960-cycle frequency. This 
adjustment is critical, and the procedure outlined 
under 960-cycle Oscillator Frequency adjustment 
should be closely followed. 


; Incorrect or no trapezoidal Check ae correct waveform at TP8 (SYMMETRY 960). TWA-20A | 
waveform at TP9 (PHASE | If normal waveform is present, check peak-to-peak voltage TWA-21C, D 
960). | at cathode (pin 3) of cathode follower V20A_ (approxi- 
| mately 40 voltsy. Also check for defective shaper and | 
clamper stage V16, and cathode follower stage V20B. 
lf normal waveform is not present at TP8, check multi: | TWA-20A, B 


vibrator V19 and 960-cycle oscillator V18 as noted above. 


Failure of 960-cycle oscillator | Make sure AFC switch is ON. 

to lock on 240-cycle pulse. 
Check 960-Cycle Oscillator Frequency adjustment. 
Check 960-Cycle Phase adjustment. 
Check discriminator (V21) and associated circuit compo- TWA-21E, 
nents. 
Check for open capacitor C55, or high resistance ground, 
contact at this point. 
Check afe control tube (Vi?) and associated circuit | TWA-21G 
components. 


TWA-18 


A. TPT (T.W. INPUT). 0.5v/em; 1000 6. WI, Pin 6. 20v/em; 1000 usec/em 
usec/em 


CG. V2, Pin 1. 20v/em; 1000 usec/em DBD. TP2 (PULSE V2}. 5v/em:; 1000 
usec/em 


E. W4, Pim 1. 20v/em; 1000 usec/em F. TP3 €PULSE V4}. 50v/em; 1000 
usec/em 


G. V5, Pin 8. 5v/cm; 1000 usec/em H. TP4 (OUTPUT 240 PULSE). 
2v/em; 10 usec/em 


Figure TWA-18. Typical Waveforms 


TWA-LI 


&. V8, Pim t. S0v/em; 1000 usec/em 8. ¥7, Pin 1. 20v/em; 1600 usec/em 


Cc. ¥7, Pin 8 1Ov/em; 1000 usec/em BD. V@, Pin 1. 20v/cm; 1000 usec/cm 


&. V9, Pin 6. 50v/em; 1000 usec/cm F. TP5 (OUTPUT 246 SQ. WAVE). 
Iv/em: 506 usec/cm 


Figure TWA-I9. Typical Waveforms 


TWA-12 


A. Top: TP? (FREQUENCY 960). B. ¥19, Pin 1. 20v/em; 200 usec/em 
20v/em: 200 usec/em 
Bottom: TP@ (SYMMETRY 960}. 
50v/em:; 200 usec/em 


©. V12, Pin 1. 20v/cm; 200 usec/em D. ¥12, Pin & 10v/cem; 200 usec/cm 


E. ¥13, Pin 1. 50v/em; 200 usec/cm FE. ¥13, Pin 8. 20v/cm; 200 usec/em 


isis 


G. Vi4, Pins 3 and 6. H. TP6 (OUTPUT 946}. 
2v/em; 200 usec/em Iv/em; 20 usec/em 


Figure TWA-20. Typical Waveforms 


TWA-13 


A. V11, Pin 1. 50v/cm; 1000 usec/cm 8. VT, Pin 6. 100v/cem; 
1000 usec/cm 


C. V¥20, Pin 3. 20v/em; 200 usec/cm D. TP9 (PHASE 960}. 
5v/cm; 200 usec/cm 


E. ¥21, Pin 5. 10v/cm; 200 usec/cm F. ¥21, Pin 7. 10v/cem; 200 usec/cm 


G. VW17, Pin 3. Iv/cm; 200 usec/cm 


Figure TWA-21. Typical Waveforms 
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Figure TWA-22. Tenewheel Amplifier Rear View 
LIST OF PARTS 


Description 


TONE WHEEL AMPLIFIER (8974479-501 ) 


C1A/D 98408 458558-5 electrolytic, 20/20/20/20 wf +50 -10%, 450 v 
C2A/D,C3A/D 98986 458558-10 electrolytic, 10/10/10/10 uf +50 -10%, 450 v 
C4A/B 99295 458557-5. electrolytic, 20/20 uf +50 -10%, 450 v 
C5 212546 459684-33 paper, 0.01 wf £20%, 400 v 

C6, C7 8811182-5 ceramic, 10,000 puf -20 +100%, 450 v 
C8 8924416-303 mica, 510 wuf £5%, 500 v char “F” 

C9 | 8811182-5 ceramic, 10,000 uuf -20 +100%, 450 v 
C10 748252-310 mica, LO puf £5%, 500 v char “C” 

Cli, C12 8924416-304 |mica, 560 wuf +5%, 500 v char “F” 

C13 218465 8924416-210 |mica, 1000 puf +2%, 500 v 

C14 8914319-324 mica, 100 wuf £5%, 500 v char “F” 

C15 8811182-5 ceramic, 10,000 wuf -20 +100%, 450 v 
C16 8914319-326 mica, 120 puf £5%, 500 v char “F"” 

C17 218097 8976580-1 ceramic, 0.1 uf ~20 +80%, 500 v 

C18 212553 8958264-37 electrolytic, 50 wf, 50 ¥ 

C19, C20 Not Used 

C21 96999 737816-89 paper, 0,022 uf £10%, 400 v 

C22 217263 737816-335 paper, 0.22 uf +£10%, 100 v 

C23 8924416-319 |mica, 2700 uwuf £5%, 500 v char “F” 
C24 217263 T37816-335 paper, 0.22 uf £10%, 100 v 

C25 8914319-324 |mica, . 100 puf £5%, 500 v char “F” 
C26 8924416-316 mica, 1800 uwuf £5%, 500 v char “F” 

C27 8914319-324 mica, 100 wuf £5%, 500 v char “F” 

C28 8924416-319 mica, 2700 puf +5%, 500 v char “F” 


CAPACITORS: 


C46 

C47 

C48 

C49 

c5e 

C51 te C55 
C56 to C58 
C59, C60 
C61 to C63 


C65A/B to C72A4/B 


CR1 to CR9 
DS1, DS2 


J2 to J4 


P2 to P4 


218097 
59417 


212473 
218466 


218474 


218127 


218097 
59417 
210137 


218097 


215250 


218128 
59395 
101857 
98682 
219414 
51800 
51604 
218475 


215661 
54246 
51607 


48751 


45515 


92231 


§8976580-1 
§8958264-52 


/$%14319-336 
16914319-344 
1737816-55 

/8924416-212 
18914319-324 
18929295 -206 
18914319-332 


8976580-2 


/8914319-318 


8924416-306 
8914319-324 
8924416-304 
8976580-1 
8958264-52 
8958264-65 


8924416-323 
8976580-1 
8811182-5 
737816-415 
8811182-5 
8971848-10 
8981515-1 
872291-9 
990157-109 
8978091-12 
255223-2 
727969-3 
8979746-1 
8978091-14 


252868-1 
893648-2 
7127969-4 


878434-24 
90496-207 
8 2283-225 


| 90496-183 


82283-151 
458574- 56 
99126-183 
8 2283-209 
8 2283-139 
82283-217 
82283-183 
82283-201 
90496-175 
99126-183 
82283~215 
8 2283-205 
90496-175 
82283-223 
8 2283-246 
90496-183 
99126-195 
90496-195 
82283-223 
8971860-118 
82283-215 


“Drawing No. 


Bescription 7s 
ceramic, O.1 uf ~20 +80%, 560 v 
electrolytic, 40 wf 150 v 
Not Used 
mica, 330 upt £5%, 500 v char “F" 
mica, 680 wut £5%, 300 v char ‘F” 
paper, 0.22 £10%, 260 v 
mica, 1200 put £2%, 500 v 
mica, 100 wpef £5%, 500 v char “FR” 
mica, €200 pf £2%, 500 ¥ 
mica, 220 pyf £5%, 500 v char “*F” 
ceramic, 0.05 wf -20 +80%, 500 ¥ 
mica, 56 yuef £5%, 500 v char “FE” 
mica, 680 wef +5%, 500 ¥ char *‘F” 
mica, 100 nef +5%, 500 v char “*F"” 
mica, 560 pyuf £#5%, 500 v char “*F” 
ceramic, 0.1 pf ~20 +80%, 500 v 
electrolytic, 40 pf, 150 v 
electrolytic, 10 pf 250 ¥ 
Not Used 
mica, 3900 yef +5%, 300 v char “F” 
ceramic, 0.1 wf -20 +80%, 500 v 
ceramic, 10,000 pyf ~20 +100%, 450 ¥ 
paper, 0.22 #f +10%, 400 v 
ceramic, 10,006 pul ~20 +100%, 450 v 
ceramic, 0.005/0.005 wf ~20 +80%, 150 v 
Biode: IN34A 
Lamp: indicator 
Fuse: 1.5 amp 125 v, slo-ble 
Connector: female, 3 contact, chassis mtg. 


Connector: coax, chassis mtg. 

Connector: male, 6 contact, chassis mtg. 
Reactor: R.F. choke 

Connector: male, 3 cont., cable mtg. 
Connector: coax, cable mtg. 


Connector only 
Adapter - solder type 
Connector: female, 6 cont, cable mtg. 


RESISTORS: 

Fixed, Compesitien - unless otherwise specified 
wire wound, 4000 ohm +10%, 20 w 
100,000 ohm £+5%, 1 w 

560,000 ohm +5%, % w 

10,000 ohm £5%, 1 w 

470 ohm 45%, 4 w 

wire wound, 2500 ohm £5%, 10 w 
10,000 ohm £+5%, 2 w 

120,000 ohm £5%, 4% w 

150 ohm +5%, % w 

270,000 ohm £5%, % w 

10,000 ohm +5%, % w 

56,000 ohm +5%, % w 

4700 ohm £+5%, 1 w 

10,000 ohm £+5%, 2 w 

220,000 ohm £5%, % w 

82,000 ohm £+5%, 4% w 

4700 ohm £5%, 1 w 

470,000 ohm +5%, % w 

4.3 meg +5%, 4% w 

10,000 ohm £+5%, 1 w 

33,000 ohm +5%, 2 w 

33,000 ohm +5%, 1 w 

470,000 ohm £5%, % w 

variable, 1 meg +20%, 2 w 
220,000 ohm +5%, 4% w 


TWA-16 


Symbol N | Stock No. | Drawing No. 
R26 | 90496-183 110,000 ohm £5%, 1 w 
R27 | 1 90496-1195 133,000 ohm +5%, 1 w 
| R2¢ | | €9126-195 133,000 ohm £5%, 2 w 
R28 | §2283.170 3060 ehm 45%, % w 
R30 j | 82283-Z17 270,000 ohm £5%, 4% w 
R31,R32 i 1 82283-1135 (100 ohm +5%, % w 
R33 i | 99126-183 10,000 ehm +5%, 2 w 
R34 : , 82283-159 1000 ohm £5%, % w 
R35 | | 82283-151 470 ohm +5%, % w 
R36 Not Used 
R37 : 82283-171 3300 ehm +5%, 2 w 
R38 : | 90496-159 1000 ohm +5%, 1 w 
R39 i $9126-183 710,000 ohm +5%, 2 w 
R40 i 82283-223 470,000 ohm +5%, % w 
R41 82283-209 120,000 ohm +5%, % w 
R42 90496-165 1800 ohm +5%, 1 w 
R43 82283-223 470,000 ohm +5%, % w 
R44 | 213201 8971860-20 variable, 2.5 meg +20%, 2 w 
R45 | 82283-217 270,000 chm +5%, % w 
R46 : 90496-183 10,000 hm +5%, 1 w 
R47 | 90496-195 33,000 ohm +5%, 1 w 
R48 99126-195 33,000 chm +5%, 2 w 
R49 82283-181 8200 ohm +5%, % w 
R50 82283-223 470,000 ohm +5%, % w 
R51 92231 8971860-118 variable, 1 meg +20%, 2 w 
R52 82283-230 910,000 ohm, +5%, % w 
R53 | 90496-195 33,000 ohm +5%, 1 w 
R54 ; 90496-183 10,000 ohm +5%, Ilw 
R55 99126-195 33,000 chm +5%, 2 w 
R56 82283-230 910,000 ohm +5%, % w 
R57 82283-135 100 ohm +5%, % w 
R58 45258 F 458572-62 wire wound, 3000 ohm +5%, 5 w 
R59 8.2283-142 200 ohm +5%, % w 
R60 82283-135 100 ohm +5%, % w 
R61 to R63 Not Used 
R64 99126-179 6800 ohm +5%, 2 w 
R65 99126-177 5600 ohm +5%, 2 w 
R66 90496-183 10,000 ohm +5%, 1 w 
R67 82283-238 2.0 meg +5%, % w 
R68 97961 8971860-117 variable, 500,000 ohm +10%, 2 w 
R69 82283-2115 220,000 ohm +5%, % w 
R70 99126~179 6800 ohm +5%, 2 w 
R71 92231 8971860-118 variable, 1 meg +20%, 2 w 
R72 82283-243 3.3 meg +5%, 4% w 
R73 90496-195 33,000 ohm +5%, 1 w 
R74 i | 90496-183 10,000 ohm +5%, 1 w 
R75 99126-195 33,000 ohm +5%, 2 w 
R76 82283-181 8200 ohm 5%, % w 
R77 1 82283-233 1.2 meg +5%, % w 
R78 i 90496-137 120 ohm +5%, 1 w 
R79 82283-223 470°,000 ohm +5%, 4w 
R80 95242 8971860-18 variable, 1 meg +20%, 2 w 
R81 82283-230 910,000 ohm +5%, % w 
R82 90496-183 10,000 ohm +5%, 1 w 
R83 90496-195 33,000 chm +5%, 1 w 
R84 ; 99126-195 33,000 ohm +5%, 2 w 
R85 82283-181 8200 ehm +5%, 4% w 
R86 97961 8971860-117 variable, 500,000 ohm +10%, 2 w 
R87 | 82283-215 220,000 ohm +5%, % w 
R88 90496-183 10,000 ohm +5%, 1 w 
R89 90496-195 33,000 ohm +5%, 1 w 
R90 99126-195 33,000 ohm +5%, 2 w 
R91 82283-189 18,000 ohm +5%, % w 
R92 82283-223 470,000 ohm +5%, % w 


R93,R94 82283-135 100 ohm +5%, 4% w 


R95 
R96 
ROT 
R98 to R166 
R101, R102 
R103 

RLOA 

R105 

R106 

R107, R108 
R109 

RL1O 

Rill 

R112 

R113 

R114, R115 
R116 

Ril? 

R118 

R119 

R120, R121 
R122 

R123 

R124 

R125 

R126 

R127 

R128, R129 
R130, Ri31 
R132 


TP1 to TP9 
XADS1, XADS2 
XDS1, XDS2 
XFl 

XV1,XV2 

XV3 

XV4 to XVT7 
xv8 

XV9 to XV14 
XV15, XV16 
XV17 to XV20 


Sern oa 


93175 


215169 


208022 
215169 
208022 


93263 
95539 
51936 
208983 
208080 
208458 
48894 
94926 
94925 
94926 
94925 
94926 
94925 
94926 


205329 
218920 


90496-155 
82283-2255 
99126-195 
82283-1771 
82263-219 
90496-1535 
99126-183 
82283-2221 
8971860-110 
90496-197 
990730-301 
90496-155 
990736-601 
990730-301 
990730-601 
82283-135 
90496-155 
99126-199 
82283-193 


82283-90 


82283-85 
82283-90 
99126-1111 


82283-87 


82283-94 
95559-5 
450031-3 
895314-1 
8825493-7 
990788-507 
990789-5 
99088-2 
737870-14 
737867-14 
737870-14 
737867-14 
737870-14 
73786714 
737870-14 


741622-501 
8980029- 501 


cares 


Deawi mm No. 


Description 


470 ohm +5%, % w 
10,900 ehm £5%, 2 w 
1000 ohm £5%, & w 
Not used 

660 chm +£5%, 1 w 
560,900 ohm £5%, % w 
33,000 chm £5%, 2 
3300 #hm +5%, % w 
330,000 ohm +5%, % w 
680 ohm +5%, lw 
27,900 ohm +5%, 2 w 
390,000 ehm £5%, % w 
variable, 16,000 ohm t10%, 2 w 

39,000 ohm £5%, 1 w 

film, 1000 ohm £1%, % 

680 ehm +5%, 1 w 

film, 1 meg 11%, 4% w 

film, 1000 ohm #1%, 4% w 

film, 1 meg +1%, 4% w 

100 ohm 45%, % w 

680 ohm +5%, 1 w 

47,000 ohm +5%, 2 w 

27,900 ohm +5%, % w 

Not Used 

220,000 ohm 410%, 4% w 

Not Used 

82,000 ohm +10%, 4% w 

220,000 ohm +10%, 4% w 

10 ehm 5%, 2 w 

Part of XDSL 

120,000 ohm +10%, % w 

Part of XDSI 

470,000 ohm +10%, 4% w 

Switch: toggle, DPDT 

Transformer: filament 

Transfermer: phase discriminator coupling 
Jack: tip, yellow 

Lens: indicator light 

Socket: indicator light 

Holder: fuse 


Socket: tube, 9 pin 
Socket: tube, 7 pin 
Socket: tube, 9 pin 
Socket: tube, 7 pin 
Secket: tube, 9 pin 
Socket: tube, 7 pin 
Socket: tube, 7 pin 


Miscellaneous: 
Knob: centrol 
Holder: crystal 


ae 


VOLTAGE CHARTt 


Pin Number 


5670 
12AT7 
GALS 
12AT7 
12AT7 
5687 
12AT7 
6AL5 
12AT7 
5687 
12BH7A 
12AT7 
12AT7 
5687 
6AL5 
6AL5 
12AU7 
12AT7 
12AT7 
12AU7 
6AL5 


+ Typical (+ 10%) dc voltages from tube-sockets to ground using a vacuum-tube voltmeter. 
* 6.3 volts ac between pin 9 and either of pins 4 or 5. 
** 6.3 volts ac between pin 8 and either of pins 4 or 5, 

*#% 6,3 volts ac between pins 3 and 4. 

***% 6.3 volts ac between pins 1 and 9. 
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Figure TWA-23. Schematic Diagram of Tonewheel Amplifier 
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Figure VGS-1. Vacuum Guide Servo 


TECHNICAL DATA 


Power Required 


AC: 117 volts, 50/60 cycles, 30 watts 
(from circuit breaker No. 5) 


DC: +280, 50 ma., (from unit No. 410) 
—150, 5 ma., (from unit No. 405) 


Input Signals 


960 cps error signal from the 2 x 1 switcher 
960 cps tonewheel pulse from the tonewheel amplifier 
(4.0 volts p-p) 


Output Signals 


60 cps, 2 phase to the vacuum guide motor 


DESCRIPTION 


The purpose of the vacuum guide servo system is 
to control the position of the vacuum guide which 
directs the tape into contact with the rotating video 
headwheel. To provide the head-to-tape contact re- 
quired for recording at very high frequencies, the 
position of the vacuum guide is so adjusted that 
the rotating heads indent the tape to about the degree 
indicated by the scale drawing in figure VGS-2. In 
addition to providing good head-to-tape contact, the 
slight stretching of the tape resulting from the in- 
dentation of the video heads is necessary to compen- 
sate for head wear. 


In the record mode, the vacuum guide is maintained 
in a fixed position which is determined by the setting 
of the RECORD GUIDE POSITION control on the 
control panel. In the playback mode, the vacuum 
guide position can be controlled automatically (by 
servo action) or adjusted manually. This mode of 
operation depends upon the position of the control 
panel GUIDE POSITION switch (AUTOMATIC. 
MANUAL). 


If the vacuum guide position is not correct, the 
relative head-to-tape speed is not quite correct and 
there will be slight timing errors in the output signal. 
The average timing remains correct, however, because 
the angular velocity of the headwheel is maintained 
at its proper value by the headwheel servo system. 
The timing errors appear in the form discontinuities 
at the instant of switch from head to head as indi- 
cated in figure VGS-3. While only horizontal sync 
pulses are shown the same timing errors also occur 
for all picture signal components. 


If a train of pulses containing slight timing dis- 
continuities is applied to a horizontal escillator of 
the synchroguide type with a “flywheel” time constant 
somewhat greater than the 16-line head-scanning 
interval, it is possible to develop a steady train of 
average-frequency pulses in which the timing varia- 
tions are eliminated, as shown at (c) and (f) in 
figure VGS-3. Since most horizontal-deflection cir- 
cuits in television receivers behave in this general 
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Figure VGS-2. Cross-Section Drawing of the Tape Guiding Shoe and Video Head-Wheel, 
Illustrating the Indentation of the Tape by the Video Heads 
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Figure VGS-3. Waveform Sketches Illustrating Timing Errors Resulting from Shoe Position Errors 


fashion, the appearance of guide position errors in 
television pictures is about as indicated in figure 
VGS5-4, The “flywheel” effect in the deflection oscil- 
lator causes the fine scanning to occur at essentially 
constant frequency, but the timing errors in blanking 
and all other signal components causes an effect that 
various people have called “jogging”, “skew”, or the 
“venetian blind effect.” The jogs occur in bands of 
16 lines per field, or 32 lines in properly interlaced 
frames, since approximately 16 lines are recorded dur- 
ing each head-scanning interval. The figure illustrates 
the effect of the guide being too far out. If the guide is 
too far in the result is very similar, but the “jogs” 
slope in the opposite direction. As a rough “rule of 
thumb”, an error of about 1 mil in guide position 
results in jogs that are offset by about 1.25 of the 
picture width. Guide position is correct at the point 
where the jogs completely disappear. 
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Figure ¥GS-4. Sketch of a Television Raster 
Showing Effect Produced by Inadequate 
Head-to-Tape Pressure Resulting from an 
Error of About f mil of Guide Positioner 


Circuit 

A simplified block diagram of the Vacuum Guide 
Servo System is presented in figure VSG-5. The main 
output device for the system is a motor that normally 
remains stationary, and moves only slightly in one 
direction or the other in response to error signals. 
With the guide servo system in the automatic mode, 
the motor automatically seeks to position itself so as 
to keep the error signal at zero. 


The main error detector for the vacuum guide servo 
system is not mounted on the vacuum guide chassis, 
but is located on the 2 x 1 switcher (where it also 
performs additional functions related to the head- 


VGS-3 


switching and sync restoration operations). The 
error is detected by a circuit tuned to 960 cps inserted 
in the plate circuit of the synchroguide’s control tube. 
The polarity of the 960 cps signal developed in this 
circuit indicates the direction of the timing errors. 
In the circuitry on the guide servo chassis, the 960-cps 
signal is amplified, and rectified. Te preserve the 
direction sense in the error signal, the rectifier is a 
bi-directional type, utilizing 960 cps clamping pulses 
derived from the tone-wheel attached to the head- 
wheel motor. The rectifier produces a fixed d-c level 
of a polarity indicating the direction of the error. 
The rectified error signal is converted to a 60 cps 
signal by the action of a chopper-type modulator, and 
then amplified to the power level necessary to drive 
the guide positioning motor. The motor is a two- 
phase type in which one phase is continuously 
excited by the power line, while the other is driven 
by the amplifier. The motor develops torque only 
when a signal is delivered by the amplifier, and the 
direction of this torque depends upon the polarity 
of the amplifier signal, The motor then drives the 
guide through an appropriate mechanical coupling. 
The motor movement is limited to only a few revolu- 
tions, and the maximum displacement required for 
the guide is only about 5 mils. The servo loop is 
completed through the FM system, video playback 
system, and a sync separator in the 2 x 1 switcher 
chassis. 


A simplified servo loop is used for manual posi- 
tioning of the guide during recording operations and 
during special cases of playback operation. The 
switches shown in figure VGS-5 are relay contacts, 
controlled by switches on the main control panel and 
interlocked with the main RECORB and PLAY but- 
tons. For manual operation (record or play), the 
setting of a potentiometer on the motor shaft is 
compared with the setting of a second potentiometer 
which is mounted on the control panel. The motor 
turns until the voltage at the arm of the motor poten- 
tiometer is the same as that on the manual SHOE 
POSITION control, resulting in zero signal at the 
output of the chopper. Through the use of this rela- 
tively simple positioning-type servo, the manual 
SHOE POSITION control is, in effect, directly 
coupled to the motor shaft. 


960 cps Errer Signal Amplifier—The amplifying cir- 
cuits for the 960 cps error signal developed in the 
synchroguide are shown in figure VGS-6. A “pack- 
aged” 2000 cps low-pass filter is used to eliminate 
the line-frequency components which are also present 
in the synchroguide output. Stage 1V1A is a conven- 
tional voltage amplifier, with the AUTO GAIN con- 
trol located in the plate circuit. The adjustable phase 
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Figure VGS-5. Simplified Block Diagram of Guide Servo System 
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Figure VGS-6. 960 cps Error Signal Amplifier 


shifter in the output side of stage 1VIB makes it 
possihle to adjust the peaks (or the valleys) of the 
960 cps error signal to coincide with the 960 cps tone- 
wheel pulses used for clamping purposes in the bi 
directional rectifier to be discussed presently. Further 
amplification occurs in stage 1V2A, the output of 
which feeds the clipper circuit that 1s used to limit 
excessive error signals. 


VGS-5 


The clipping action of diodes 1CR1i and 1CR2 limit 
the 966 cps signal to a maximum peak-to-peak swing 
of about 1 volt. When either diode conducts, the sig- 
nail is sharply attenuated by the 100K. (1R26) resistor 
in. series with the low forward timpedance of the 
diode. The clipped signal is fed to the cathode fol- 
lower stage (1V2B) which prevides a iow impedance 
drive for the clamp-type rectifier. 
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Figure VGS-7. Error 


Ervor Signal Rectifier—Figure VGS-7 shows the bi- 
directional error signal rectifier and the clamping 
cicuits closely related to it. The 960 cps error signal 
from the cathode of stage 1V2B ts clamped by stages 
1V3 anditV4, which are keyed by tonewheel pulses 
introduced through stages 1V5A (voltage amplifier) 
and 1V5B (phase splitter). Diodes 1V3 and 1V4 are 
connected in a bridge circuit and remain open except 
during tonewheel pulse intervals. When the diodes 
conduct, the right side of the .47 mf capacitor ts tied 
through a low impedance to ground. Whether the 
clamping pulses occur during the positive or negative 
half-cycle of the error signal depends upon the 
polarity of the 960 cps signal from the synchroguide, 
which tn turn depends upon the direction of the 
timing errors. The smoothed de voltage, at the output 
of the integrator network consisting of voltage divider 
network IR15, 1R64, series resistor 1R65 and capaci- 
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tor 2Ci3, is therefore either plus or minus depending 
upon the direction in which the guide must be moved 
to eliminate the error, When the guide position: ts 
correct both the 960 cps error signal and the rectified 
signal go to zero. 


Modulator and Motor Brive Circutts—Te avoid 
the stability problems frequently associated with righ 
gain d-c amplifiers, the rectified signal is converted to 
a 60 cps by 2G1, a chopper modulator driven from 
the power line through a 6.3 volt winding on the 
power transformer (see figure VGS-8). In the AUTO- 
MATIC mode, the chopper develops an output signal 
only if there 1s a difference between the error signal 
and the voltage developed across the control marked 
ZERO SET; the latter control 1s used only to cancel 
out any small voltage offset in the error signal that 
may result from hum pickup or slight unbalance in 
the clamp-type rectifier. In the MANUAL operating 
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condition {used in the record mode} the chopper 
develops an output signal whenever the setting of the 
manual GUIDE POSITION control does not coincide 
with the setting of a potentiometer directly coupled 
to the motor shaft. A capacitor (.003 pf) at the out- 
put of transformer 212 suppresses most of the har- 
monics of the 60 cps signal generated by the chopper. 


Three stages of voltage amplification are provided 
by 2V4 and 2V3A., Stage 2V3B functions as a rectifier 
to provide B-+ power for the voltage amplifier; B -+- 
decoupling is provided between the voltage amplifier 
stages. The built-in power supply for the circuits in 
the power amplifier subassembly is interlocked with 
the B+- power supply of the other circuits on the 
shoe servo chassis by means of relay LK5. 


The guide drive motor is a two-phase type in which 
one phase is driven directly from the power line 
through a 1.0 mf phase-shifting capacitor, and the 
other phase is driven by the 60 cps voltage at the 
output of a pair of controlled rectifiers, 2V1 and 2V2. 
Lf there is no error signal on the grids of these tubes, 
there will be no 60 cps component in the output. The 
de component is prevented from flowing through the 
motor winding by a 50 mf blocking capacitor, and 
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the 15 henry choke provides a de current path. if an 
error signal is present, however, the 60 eps grid signal 
is in phase with the plate voltage pulse on one side 
of the circuit and out of phase with the plate voltage 
pulse on the other side. (Proper phase relationships 
hetween plate and grid circuits are assured by the fact 
that the phase lag introduced by the chopper is com- 
pensated by the phase lead introduced by the inter- 
stage coupling networks in the voltage amplifier.) 
The net result is that one half-cycle is amplified more 
than the other in the controlled rectifier and a 6@ cps 
component appears at the output. Filtering to empha- 
size this 60 cps component and to suppress the higher 
harmonics ts provided both by the 1.0 mf filter capaci- 
tor between the center tap of the transformer and 
the common cathode circuit, and by the 0.47 mf capaci- 
tor which resonates the parallel combination of the 
motor windings and the 15 henry choke at 60 cps. 
Torque ts produced by the motor only when a 66 cycle 
signal is delivered by the controlled rectifier, and the 
direction of this torque depends upon the phase or 
polarity of the 60 cycle signal. A small amount of 
positive current feedback is coupled from the cathode 
circuit of 2V1 and 2V2 to the cathode of 2V3A to 
provide velocity damping for the motor. 
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Figure VGS-8. Modulator and Motor Drive Circuits 
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Figure VGS-9. Control Circuits 


Centrol Cireuits—Both the manual and automatic 
control circuits for the vacuum guide servo system 
are shown in figure VGS-9, The MANUAL-AUTO- 
MATIC switch on the control panel controls the input 
to the chopper modulator through relay 1K1. Auto- 
matic operation is possible only in the playback mode, 
since the -+ 24 volt source to operate 1KI is inter- 
locked with the PLAY pushbutton, but the switch 
may be left in the AUTOMATIC position so that 
the machine is always ready for proper playback upon 
pushing the PLAY button. 


Two guide position controls for manual operation 
are provided on the control panel. @ne, controlled 
by the REC@RD control is used in the record mode 
only. The second control, operated by the PLAY 
control is used for playback only. The guide posi- 
tion can thus be adjusted manually in the play mode 
without disturbing the desired pressure for recording. 
Tube 1V6G is a control tube to disable the shoe servo 
system when the signal at the output of the video 
playback system drops below a predetermined level 
and becomes sufficiently noisy that the operation of 
the shoe servo system is less reliable than manual 
operation. Tube 1V6 is normally held in a cut-off 
condition by rectified sync pulses derived from the 
sync separator on the 2 x 1 switch chassis, The sync 


pulses before rectification are negative- going and pro- 
vide enough negative voltage to override the positive 
bias applied through the MANUAL SET control 
(potentiometer). If the signal level drops ahead of 
the syne separator, the negative voltage developed 
by rectifying the sync pulses also drops and permits 
tube 1V6 to conduct, thus closing relay 1K3, which 
in turn closes i1K2 and opens 1K1. Diode CR3 limits 
the voltage on the grid of 1V6 to nominally ground 
potential. 


NOTE: When the action of tube 1V7 has auto- 
matically switched the circuit over to the manual 
condition, both pilot lamps are illuminated when 
the MANUAL-AUTOMATIC switch is in the 
AUTOMATIC position. The illumination of both 
pilot lamps therefore serves as a visual indication 
that the sync level has dropped below the pre- 
determined threshold level, and that manual setting 
of the vacuum guide is desirable. 


MAINTENANCE 


Improper operation of the vacuum guide servo is 
due in most instances to weak or defective tubes. 
Tubes must be replaced with the exact types specified. 
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Setup Procedure 

Before making any adjustments on the vacuum 
guide servo, thread a pre-recorded tape (preferably 
one containing vertical bars} on to the recorder and 
he sure that the recorder is set up for normal playback. 
The setup procedure to be used is as follows: 


i. Set the following vacuum guide controls as 
follows: 

a. MAN-SET (130) fully clockwise (leave the 
control in this position permanently). 

b. ZERO SET (1R53) in mid-position. 

c. GAIN (2R8) in mid-position. 

d. AUTO GAIN (iR64) fully counterclockwise. 

e. PHASE (1R7) fully clockwise. 

2. Connect an oscilloscope (Tektronix Model 535 
or equivalent) to the test point labeled 960 TW IN 
(TPS) on the vacuum guide servo chassis. 

3. Press the control panel STANDBY button, The 


waveform on the oscilloscope should appear as in 


figure VGS-10A. 


A. 960 T.W. IN (TP-5) 
Sweep Rate: 200 ysec/cm 
Amplitude: 1-0 volt/cm 


4, Place the control panel GUIDE POSITION 
switch in the MANUAL position. 

5. Press the control panel PLAY button, and the 
MONITOR LUNE OUT button on the CRO / Monitor 
switcher. Turn the control panel PLAY GUIDE POST- 
TION control back and forth and observe the picture 
monitor (unit 103) to see if the control is effective. 
(Jogs should appear and disappear as the control is 
turned.) If no action is obtained turn the vacuum 
guide servo GAIN control (2R8) slightly clockwise, 
and again check the action of the PLAY GUIDE 
POSITION control. Continue this procedure until 
action (jogs) 1s obtained. 


6. Turn the PLAY GUIDE POSITION control to 
position 1 on the DECREASE side of the scale. One- 
mil “jogs”, sloping downward from right to left, 
should then appear (since this position of the control 
causes a 1-mil error in the guide position in the direc- 
tion of decreased pressure). 


7. Place the GUIDE POSITION switch in the 
AUTOMATIC position, and increase AUTO GAIN 
until action is obtained, 


Cc. BRIDGE (TP-2) 
Zero Set Control Too Low 
Sweep Rate: 2000 nsec/cm 
Amplitude: 0.5 volt/cm 


B. BRIDGE (TP-2) 
Zero Set Control Normal 
Sweep Rate: 2000 ysec/cm 
Amplitude: 0.5 volt/cm 


Figure VGS-10. Waveforms 


D. BRIDGE (TP-2) 


Zero Set Control Too High 
Sweep Rate: 2000 usec/cm 
Amplitude: 0.5 volt/cm 


for Use with Setup Procedure 


eliminated. If the jogs go through zere and the con- 
trol is difficule to adjust turn the PHASE GAIN 
control fully counterclockwise and then readjust the 
ZERO SET centrel. 


NOTE: Tf the servo rack is located too far from the 
picture monitor to permit observing the picture, 
connect an oscilloscope to the test point labeled 
BRIDGE CTP2) on the guide servo and make the 
adjustments while observing the oscilloscope. Fig- 
ures VGS-10B, C, and DB, show the waveforms 
when the ZER@® SET control (1R53) is set cor- 
rectly, tog high, or too low. 


9. Turn the AUTO GAIN slightly clockwise, and 
then switch the control panel AUTOMATIC. 
MANUAL switch from AUTOMATIC to MANUAL 
to AUTOMATIC, and observe the speed at which 
the jogs disappear. Repeat the procedure until desired 
speed is obtained. 


A. Test Point TP-1 
Sweep Rate: 2000 usec/cm 
Amplitude: 0.05 volt/em 
Error: 0 jog 


V¥GS-9 


NOTE: Hf the AUTO GAIN control is set too high 
the servo systera will avershoot or hunt. 


10. If the speed of response is too slow and huat- 
ing does not eccur, even the AUTO GAIN control is 
fully clockwise, turn the manual GAIN control (2R8) 
slighdly clockwise and repeat step 9. 


Waveforms and Voltages Check 

Figures VGS-11 through VGS-13 show typical 
waveforms obtained throughout the unit for use as an 
aid in troubleshooting, All waveforms were obtained 
with a Tektronix Type 535A oscillescope having a 
10:1 attenuator probe and with the tape recorder 
in SETUP. 

The voltage table adjacent to the schematic diagram 
(figure VGS-15) indicates typical tube socket volt- 
ages taken with respect to chassis ground, and were 
measured with a vacuum-tube voltmeter (VITVM). 
All voltages are de unless otherwise noted. 


D. 1V1 Cathode (pin 8) 
Sweep Rate: 2000 usec/em 
Amplitude: 0.05 volt/em 
GUIDE POSITION switch: 

AUTOMATIC 
Error: 0 jog 


B. Test Point TP-1 
Sweep Rate: 20006 usec/cm 
Amplitude: 0.05 volt/em 
Error: 2 mill. jog 


C. 1¥1 Plate (pin 1) 
Sweep Rate: 2000 usec/em 
Amplitude: 0.5 volt/em 
Error: 0 jog 


E. 1¥4 Plate (pin 6) 
Sweep Rate: 2000 uzsec/cm 
Amplitude: 0.05 volt/cm 
Error: 0 jog 


F. 1¥2 Grid (pin 7} 
Sweep Rate: 2000 usec/cm 
Amplitude: 0.05 volt/em 
Error: 0 jog 


Figure VGS-11. Typical Waveforms 
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A. 


1¥2 Plate (pin 9) 

Sweep Rate: 2000 pusec/cm 
Amplitude: 2 volts/cm 
Error: 0 jog 


a 


1V2 Plate (pin 9} 

Sweep Rate: 2000 usec/cm 
Amplitude: 2 volts/cm 
Error: 2 mill. jog 


1V2 Grid (pin 2) 

Sweep Rate: 2000 pusec/cm 
Amplitude: 1 volt/cm 
Error: 0 jog 


D. 


1¥2 Grid (pin 2) 

Sweep Rate: 2000 yusec/cm 
Amplitude: 1 volt/cem 
Error: 2 mill. jog 


E. Test Point BRIDGE (TP-2) 
Sweep Rate: 2000 psec/cm 
Amplitude: 1 volt/em 
Error: 2 mill. jog 


i aes eee es ee 


F. Test Point BRIDGE (TP-2) 
Sweep Rate: 2000 psec/cm 
Amplitude: 1 volt/cm 
Error: 0 jeg 


G. 1V5 Grid (pin 2) 
Sweep Rate: 200 ysec/em 
Amplitude: 2 volts/cm 


H. 1V5 Plate {pin 1) 
Sweep Rate: 200 nsec/cm 
Amplitude: 10 volts/cm 


I. 1V3 Plate (pin 2) 
Sweep Rate: 200 nsec/cm 
Amplitude: 5 volts/cm 


J. 1V4 Cathode (pin 2) 
Sweep Rate: 200 yusec/cem 
Amplitude: 5 volts/cm 


Figure VGS-12. Typical Waveforms 


A. 2V4 Grid (pin 2} 
Sweep Rate: 5000 usec/cm 
Amplitude: 0.05 volt/cm 


B. 2V4 Plate (pin 1) 
Sweep Rate: 5000 usec/cm 
Amplitude: 0.2 volt/cm 


C. 2V4 Plate (pin 6} 
Sweep Rate: 5000 y»sec/cm 
Amplitude: 20 volts/cm 


D. 2V4 Grid (pin 2} 
Sweep Rate: 5000 ysec/cm 
Amplitude: 20 volts/cm 


E. 2V3 Plate (pin 1) 
Sweep Rate: 5000 ysec/cm 
Amplitude: 50 volts/cm 
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F. 2¥3 Cathode (pin 3} 
Sweep Rate: 5000 ysec/cm 
Amplitude: 0.5 volt/cm 


G. 2V3 Plate (pin 6) 
Sweep Rate: 5000 nsec/cm 
Amplitude: 200 volts/cm 


H. 2V1 Plate (pin 1) 
Sweep Rate: 5000 »sec/cm 
Amplitude: 200 volts/cm 


|. Terminal Board 1TB1I-5 
Sweep Rate: 5000 usec/cm 
Amplitude: 100 volts/cm 
GUIDE POSITION switch: 
AUTOMATIC 


J. Terminal Board 1TB1-5 
Sweep Rate: 5000 y»sec/cm 
Amplitude: 200 volts/cm 
GUIDE POSITION switch: 

MANUAL (motor running) 


Figure VGS-13. Typical Waveforms 
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Figure VGS-14. Vacuum Guide Serve (Rear View} 


LIST OF PARTS 


IxVI 


VGS-13 


Symbol No. | Stock No. | Drawing No. | Description 
SHOE SERVO (8979132-501I ) 
T 
CAPACITORS: 
1Cl 95624 737818-96 paper, 0.47 pf +10%, 400 v 
1C2 Not Used 
1C3 727876-259 mica, 3300 uuf +5%, 500 ¥ char “BR” 
1c4 yo 5H 363 paper, 0.01 wf +10%, 400 ¥ 
LCS5A/C 87479 442900-76 electrolytic, 40/40/20 wf, 450/450/25 v 
1C6 735715-163 paper, 0.01 uf +10%, 400 v 
LCT 95624 737818-96 paper, 0.47 uf +10%, 400 v 
1C8 Not Used 
1C9, 1C10 735715-179 paper, 0.22 wf +10%, 400 v 
1cll 735715-175 paper, 0.1 wf +10%, 400 v 
1C12 735715-75 paper, 0.1 pf +10%, 200 v 
1Ci3 to 1C15 Not Used 
1C16, 1C17 8811182-5 ceramic, 10,000 puf +100 ~20%, 450 ¥ 
1€18, 1C19 735715-179 paper, 0.22 pf +10%, 400 v 
1€20 8811182-5 ceramic, 10,000 upf +100 -20%, 450 v 
1C2) 218485 8941243-24 electrelytic, 50 uf, 25 v 
1C22 217061 7378 18-56 paper, 0.47 uf £10%, 200 v 
1C23 735715-71 paper, 0.047 pf +10%, 200 v 
1C24 59983 95695-75 electrolytic, 40 uf, 450 v 
ICRI to LCR3 219245 Diode: Type 1N2071 
IDS1, 1DS2 101857 872291-9 Lamp: indicator NESIL 
1Fl 98682 990157-109 Fuse: 1.5 amp, 125 v, sle-blo 
1FLI 219244 8440178-1 Filter: lew pass 
LJ1 53140 727969-15 Connector: female, 12 contact, chassis mtg. 
1LJZ Not Used 
51800 255223-2 Connector: coax, chassis mtg. 


1J3,1J4 


VGS-14 


id5 51594 T27969-1 Connector: female, 6 contact, chassis mtg. 
1LJ6 51604 727969-3 Connector: male, 6 contact chassis mtg. 
iki 218223 460355-6 Relay: 24 v, 3 PDT 
1K2 206744 460355-2 Relay: 24 ¥, DPOT 
1K3 99155 B8817527-1 Relay: SPDT 
1K4 Not Used 
1K5 215302 460355-5 Relay: 50 v, DPDT 
1L] 216951 8440105-1 Reactor: filter, 15 henry 
iP 54253 727969-16 Connector: male, 12 contact 
1P2 Not Used 
1P3 < Connector: coax, cable mtg. 

215661 252868-1] Connector only 

54246 893648-2 Adapter only: solder type 
1P4 215661 252868- 1 Connector: coax, cable mtg. 
1P5 51595 727969-2 Connector: male, 6 contact 
1P6 51607 727969-4 Connector: female, 6 contact 

RESISTORS: 
Fixed, Composition ~ unless otherwise specified 

IR] 82283-74 10,000 ohm +10%, 4% w 
1R2 82283-54 220 ohm +10%, % w 
1R3 82283-90 220,000 ohm +10%, %w 
1R4 82283-70 4700 ohm #10%, 4% w 
1R5 82283-62 1000 ohm +10%, % w 
1R6 82283-71 5600 ohm +10%, % w 
1R7 97961 8971860-117 variable, comp., 500,000 ohm +10%, 2 w 
1R8 82283-86 100,000 ohm +10%, % w 
1R9 82283-56 330 ohm +10%, % w 
1R10 99126-80 33,000 ohm +10%, 2 w 
1R11 82283-84 68,000 ohm +10%, % w 
1R12 82283-98 1 meg +10%, 4% w 
1R13 99126-74 10,000 ohm +10%, 2 w 
1R14 82283-95 560,000 ohm +10%, % w 
1R15, 1R16 82283-86 100,000 ohm +10%, 4% w 
1R17 82283-74 10,000 ohm +10%, % w 
1R18 82283-62 1000 ohm +10%, 4% w 
1R19 82283 -86 100,000 ohm +10%, % w 
1R20,1R21 82283-71 5600 ohm +10%, 4% w 
1R22 82283-151 470 ohm +5%, 4% w 
1R23 82283-74 10,000 ohm +10%, % w 
1R24 Not Used 
1R25 82283-2111 150,000 ohm +5%, % w 
1R26 82283-86 100,000 chm 410%, % w 
IR27 82283-2217 270,000 ohm 15%, % w 
1R28 82283-151 470 ohm 5%, % w 
1R29 Not Used 
1R30 57402 8971860-116 variable, comp., 250,000 ohm +10%, 2 w 
1R31 Net Used 
1R32 90496-142 200 ohm 45%, 1 w 
1R33,1R34 90496-77 18,000 ohm +10%, 1 w 
1R35 to 1R37 Not Used 
1R38 82283-91 270,000 ohm +10%, %w 
1R39 82283-62 1000 ohm +10%, % w 
1R40 82283-111 10 ohm +5%, 4% w 
1R41 Part of XDS1 (56,000) 
1R42 82283-73 8200 ohm +10%, % w 
1R43 82283-132 75 ohm +5%, 4 w 
1R44,1R45 82283- 46 47 ohm +10%, 4% w 
1R46 99126-82 47,000 ohm +10%, 2 w 
1R47 82283-56 330 ohm 410%, % w 
1R48 8 2283-94 470,000 ohm +10%, % w 
1R49,1R50 Not Used 
1R51 90496-74 10,000 ohm #10%, lw 
1R52 90496-81 39,000 ohm +10%, 1 w 


1R53 219246 433196-106 variable, comp., 500 ohm +20%, 4% w (center tapped) 


Symbol Ne. | 


R54 

LR55 

LR5G 

LR57 

LRS8, LASS 
R60 

1R6t 

1R62 

1 R63 

R64 

LR65 

1R66 

1T} 

1T2 

1ITP1 to LTPS 
XDS1,XDS2 
XF1 

1XK1 

1XK2 

1XK3 

1XK4 

LXK5 
IXV1L,1XV2 
1XV3, 1XV4 
1XV5 

1XV6 


2Al 


2Cl 

2C2 
2C3, 2C4 
2C5 

2C6 

2C7 

2C8 

2C9 
2C10 
2C11, 2C12 
2C13 
2F1 

2G1 


2A] 

2R2 

2R3 

2R4 

2R5, 2R6 
2R7 

2R8 

2R9 

2R10 

2R11 

2R12 

2R13 
2R14, 2R15 
2R16 to 2R19 
2R20 

2R21 


2T1 
272 


93175 


57021 
208983 
208458 
48894 
9915 
68590 
94925 


68590 
94926 
94925 
94926 
94925 


96420 
59928 


96420 


96420 
59928 


210613 
56694 

212327 
218953 


92231 


219354 
210535 


210587 
219353 


| Drawing Ne. 


| 99126-84 


| 92823-111 
| §2283-87 


82283 -74 


| 90496-88 


82283-1181 


| 82283-97 


82283-$4 
8971860 -1.10 
82283-89 
8228 3-58 


949069-1 
8825493-7 
990789-5 
99088-2 
746008 -8 
99100-4 
737867-14 


991.00-4 

737870-14 
737867-14 
737870-14 
737867-14 


8437850-1 


8437889- 1 


VGS-15 


Description 


68,000 ohm 410%, 2 w 
Part. of XDS2 (56,009) 

10 ohm £5%, Y%w 

126,000 ohm £10%, % w 

16,900 ohm £10%, 4% w 

150,906 ohm £10%, 1 w 

8200 ohm £5%, % w 

820,000 chm #10%, % w 

470,006 ohm +10%, % w 

variable, 10,000 ohms t10%, 2 w 
180,000 ohms #10%, % w 

470 ohms £10%, 4% w 


Not Used 

Transformer: filament 
Connector: jack, yellow 
Socket: indicator light 
Holder: fuse 

Socket: relay, Il pin 
Socket: relay, 8 pin 
Socket: relay, 7 pin 

Not Used 

Socket: relay, 8 pin 
Socket: tube, 9 pin 
Socket: tube, 7 pin 
Socket: tube, 9 pin 
Socket: tube, 7 pin 
Amplifier: servo 
CAPACITORS: 

paper, 0.003 wf, 400 v 
electrolytic, 10 wf, 450 v 
electrolytic, 25 wf, 25 v 
paper, 0.047 uf, 400 v 
electrolytic, 10 uf, 450 v 
paper, 0.047 uf, 400 v 
electrolytic, 10 wf, 450 ¥ 
electrolytic, 25 uf, 25 v 
paper, 0.047 wf, 400 v 
paper, 1.0/1.0 uf, 330 v AC 


paper, 1 wf, 200 v 
Fuse: % amp, 250 v, 3 AG, slo-blo 
Converter: 6.3 v, coil 


PROT OBOBS + 


Fixed, Cenpositien - unless otherwise spectfted 
22,000 ohm 410%, 4 w 

l meg ehm 110%, 4% w 

150,000 ohm £10%, 4% w 

10,000 ehm +10%, % w 

] meg ohm 410%, 4% w 

47,000 ehm £10%, 4% w 

variable, gain control, 1 meg ohm % w 
10,000 ohm +10%, 4% w 

1 meg ohm t+10%, % w 

470,000 ohm +10%, 4% w 

wire wound, 150 ohm +5%, 1 w 

wire wound, 8.2 ohm £5%, % w 

2.2 meg 10%, 4w 

1000 ohm +10%, % w 

100,000 ohm £10%, % w 

150,000 ohm £10%, 4% w 


Transformer: 
Transformer: 


power 
input 


VGS-16 


| Stock No. Drawing No. 


Description 
i i Miscellaneous: 
' 4B BG4 : Holder: fuse 
[ 208080 | S90768-507 | Jewel: clear 
I 


56.359 Shield: tube 
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Figure VGS-15. Vacuum Guide Servo Schematic Diagram 
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24 Volt Regulated Power Supply 


UNIT 507 


RADIO CORPORATION OF AMERICA 
INDUSTRIAL ELECTRONIC PRODUCTS, CAMDEN, N. J. 


IB-31 154 


RPS-1 


104853 


Figure RPS-1. 24-Vol# Power Supply 


TECHNICAL DATA 


Power 


AC Input: 100/130 volts, 250 watts 


(From Circuit Breaker H5) 
DC @utput: 24.5 £0.5 volts, 7.5 amps. (Nominal) 


Ripple: 20 millivolts peak-to-peak 


Fuse 


4 ampere, type 3AG Slo-Blo 


DESCRIPTION 


The 24-Volt Power Supply, unit 507 located near 
the bottom of rack #5, delivers 24.5 volts de to 
energize the relays of the control relay bank, and 
other chassis throughout the tape recorder; also it is 
used to actuate-the brake solenoids on the rear of the 
tape transport panel. There are two versions of the 
power supply available: one for 60 cycle operation 
(8721830-1), and one for 50 cycle operation 
(8726843-1). 

The power supply is protected by a four-ampere 


slo-blo fuse in series with the primary winding of the 
power transformer T1. A lamp, DS1, connected in 


parallel with the power transformer primary winding 
indicates when power is applied (switch SW/1 closed). 

An input voltage between 100 and 130 volts ac 
applied to terminals 1 and 2 of terminal board TB1 
will give a dc output voltage as measured at terminals 
5 (—) and 6 (+) of terminal board TB1. With an 
input voltage of 117 volts, the output voltage will 
vary between 24.1 and 26.1 volts as the load varies 
between full load (10 amperes) and no load. With 
a fixed load of 10 amperes, the output voltage will 
remain within --0.3 volt as the input voltage varies 
between 100 and 130 volts. (Nominal load current 
in the record mode of operation is 8 amps.) The 24 
volt power supply is provided with a ground point 
on the positive side (terminal 4). 


Circuit 

The output of transformer T1 is applied to silicon 
rectifiers CR1 and CR2 where it is converted from 
an alternating current to a direct current. The output 
of rectifiers CR1 and CR2 is applied to a filter network 
of four 25,000 microfarad electrolytic capacitors in 
parallel; their reactance at a ripple frequency of 100 
or 120 cycles is very low. A bleeder resistor of 75 
ohms, 40 watts is connected across the output of the 
filter to limit the maximum no-load voltage. 


RPS-2 


Figure RPS-2. 24-Vol# Power Supply, Rear View 


LIST OF PARTS 


scription 
24 V REGULATED POWER SUPPLY, 60 CYCLE 

en ee eee ee : aa 
Gr 219440 Capacitor: paper, 5 uf, 660 v ac 
C2 to C5 219439 Capacitor: electrolytic, 25,000 wf, 25 v 
CR1i, CR2 219438 Rectifier: silicon 
DSi Light: indicator 

208163 Socket only 

208080 Jewel only 
Fi 212231 Fuse: 4 amp 
RL 74375 Resistor: wire wound, 150 ohm, 20 w 
SW1 93263 Switch: teggle 
Ti 21944] Transformer 

Miscellaneous: 
SEBEL Holder: fuse 
FS ad oe ee ase ee tc £. veer oe os 
24 V REGULATED POWER SUPPLY, 50 CYCLE 

Cl 921211 Capacitor: paper, 7 wf, 660 vy ac 
C23 921212 Capacitor: electrolytic, 40,000 wf 30 v 
CRI, CR2 921213 Rectifier: silicon 
Fl 212231 Fuse: 4 amp. 
Ri T4375 Resistor: w.w. 150 ohm, 20 w 
SW1 93263 Switch: toggle 


Tl 921210 Transformer 


RPS-3 


swi Fi E | 
me Fl, €2 
@) 22 e> || 


LINE VOLTAGE 
100-130 V. 


60 ~v 


25000 
MF 


25V 


&)+ 
BuK. 
24 VOLTS 
SILICON RECTIFIER 10 AMPS. 
34 RED 
$3 | | BuK, 2. 
RED GB) 
NO CHASSIS GND. 


CONNEC TION 


Figure RPS-3. Schematic Diagram, 24 Volt Power Supply. 
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Audio Filament Power Supply 


UNIT 510 


RADIO CORPORATION OF AMERICA 
INDUSTRIAL ELECTRONIC PRODUCTS, CAMDEN, N. J. 


IB-31156 


-—— 


AFPS-1 


Figure AFPS-1. Audis Filament Power Supply 


TECHNICAL DATA 


Power 


Input: 115 volts, 50/60 cycles 
Output: 6.3 = 0.2 volts de 


Rectifier Complement 


L Selenium Bridge Rectifier 


Fuse 


2 ampere, 250 volt slo-blo 


DESCRIPTION 


The Audio Filament Power Supply, figure AFPS-1, 
provides the 6.3 vole de filament voltage for the tube in 


the first stage of the audio and cue playback preampli- 
fiers (units 205 A and 205 G). The circuit (see 
schematic diagram, figure AFPS-5) consists of a 
power transformer, Ti, a full-wave selenium bridge 
rectifier, CRI, and a resistance capacitance filter, C1, 
Ri, and C2. The filter resistor, Ril, is wire-wound 
and has a sliding tap to permit adjustment of the out- 
put voltage. A two ampere fuse, Fl, in the primary 
circuit of transformer Ti protects the power supply 
from overloads. 


Output Connections to Audio System 
Connections between the output of the power 

supply and the filaments of the first stage tubes in the 

audio and cue playback preamplifier are shown in the 


AFPS-2 


simplified schematic diagram, figure AFPS-2. The 
three resisters, 205Ri, 2, 3 are mounted on the rear of 
audio shelf 205 in rack 2 (see figure AFPS-3), and the 
two amplifiers are plugged into connectors on the 
shelf. The 5-ohm resistor, 265R2, in conjunction with 
the 10-ohm variable resister of the power supply sets 
the output voltage to the desired value. 

The two 20-ohm resistors, 205R1 and 205R3 permit 


removal of one amplifier for servicing without danger 
of applying excessive filament voltage to the other 
amplifier. Each resistor is in series with the filament 
on one of the amplifiers but is normally short-circuited 
ley a jumper on the plug of the other amplifier. Thus, 
when either amplifier is unplugged, the short is 
removed from the resistor connected to the amplifier 


remaining on the shelf. 


JUMPER ON PI OF JUMPER ON PI OF 


205R2 
oaks Sa AUDIO PLAY AMP CUE PLAY AMP 
205 TB2-5 
io <= PI-9 
+6 51B3-4 p___—- 
P|-9 205R I 
205R3 20-12 
oer PI-4 

AUDIO PI-4 
FILAMENT 
SUPPLY 


NOTE: RESISTORS 

| 205RI,2,3, AUDIO 

PLAY AMP , AND CUE 
PLAY AMP ARE ON 

AUDIO SHELF 205 

l 

I 

| 


IN RACK 2 


AUDIO PLAY 
AMP 


CUE PLAY 
AMP 


Figure AFPS-2. Power Supply Simplified Schematic Diagram 


ADJUSTMENTS 


Input Voltage 
The primary of transformer T1 is tapped for input 


Voltage Wire Color 


Red/Yellow 


. Red/Black 
voltages of 105, 115, and 125 volts. As shipped the Red 
power supply is wired for 115 volt operation. If the 
supply voltage differs from 115 volts, connect the wire 
from the appropriate transformer tap to the fuse 
terminal in place of the red/black wire as directed in 
the following table. 


Output Voltage 
To set the filament voltage to the desired value pro- 
ceed as follews: 


AFPS-3 


1. Connect a de veltmeter between the junction of 
resistors 205R1 and 205R2 (see figure AFPS-3} on the 
rear of audio shelf 205 and chassis ground. 


supply to obtain the desired meter reading. The read. 
ing should normally be about 6.3 volts but may be 
between 6.1 and 6.5 volts depending on the line 


2. Adjust the slider on resistor Ri of the power voltage, 


TABLE OF PROBABLE TROUBLES 


Trouble 


No output voltage 


de output voltage 
level normal 


Low 
hum 


Low de output voltage: 
high hum 


5 


Probable Cause 


Fuse Fi defective 


No input voltage at jack Ji terminals $ 
and 6 


Defective transformer T1 


Defective selenium rectifier CR-I 


Defective filter capacitor 


JUNCTION OF 
RESISTORS 
205-RIi & 205-R2 


Remedy 


Replace fuse. 


Determine reason and correct. 


Replace transformer. 


Replace rectifier, 


Check filter capacitors; if defective replace. 


Figure AFPS-3. Audio Shelf (Unit 205), Rear View 


AFPS-4 


Cl 
| " ‘ 
| 
Figure AFPS-4. Audio Filament Power Supply, Rear View 
LIST OF PARTS 
Symbol No. Stock No. | Drawing No. | Description 
DC FILAMENT SUPPLY (MI-9518-A) 
C1-A.B, C2-A,B 59757 442900-40 Capacitor: dry electrolytic, 1000/1000 wf, 15/15 v 
CR1 203040 8862325-1 Rectifier: selenium 
FL 93939 990157-110 Fuse: cartridge, 2 amps, 250 v slo-blo 
Jl 28507 181494-3 Connector: male, 6 contact, chassis mtg. 
Rl 16929 182127-7 Resistor: adj. wire wound, 10 ohms +10%, 25 w 
Tl 203041 949746-1 Transformer: power 


XF1 48894 99088- 2 Holder: fuse (for Fl) 


AFPS-5 
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VIBRATION ISOLATORS 


Figure AP-1. Air Pump {Rear View} 


POWER REQUIRED 


Motor Voltage 
115 volts, 5@ er 6@ cycle, single phase 


Relay Voltage 
24 volts de 


DESCRIPTION 
The Air Pump, figure AP-1, provides compressed 


air for the air guides on the Tape Transport Panel and 
vacuum for holding the tape in the vacuum guide. 


The pump is an “oilless” carbon vane type which 
produces a vacuum at the intake and compressed air 
at the outlet. It is driven, through a V-belt drive, by a 
1/4 horsepower, 115 volt ac, induction motor. A 24 
volt dc, double-pole single-throw relay is provided to 
turn the pump on and off from a remote location. 


The pump is mounted on a panel in a standard 
19-inch equipment rack. Vibration isolators are used 


to prevent vibrations from being transmitted to other 
sections of the equipment rack. 


INSTALLATION 


The Air Pump is shipped in the rack. To connect it 
to the Tape Transport Panel proceed as follows: 


1. Check the pump filter and muffler jars (see figure 
AP-1) to make sure they are tight. 


2. Remove the four red-headed shipping screws and 
the four red spacers that are used to protect the vibra- 
tion isolators during shipment. 


3. Connect the black air hose, attached to the rear 
of the Tape Transport Panel, to the vacuum outlet on 
rear of assembly (see figure AP-1). 


4, Connect the red air hose, attached to the rear of 
the Tape Transport Panel, to the pressure outlet on 
rear of assembly (see figure AP-1). 


5. Push the air hoses on to the hose stems so that 
there is less than 1/4 inch of clearance between the 
end of the hose and the hex section of the hose tem, 
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Figure AP-2. Television Tape Recorder, Rack No. 2 {Rear View) 


and clamp them with the hese clamps provided. Allow 
eneugh slack in the hoses to permit free action of the 
vilration-iselated platform on which the pump and 
meter aré meunted. 
NOTE: If rigid lines are substituted for the rubber 
hoses provided, use a loop of flexihle hose at least 18 
inches long between the rigid lines and the outlets 
on the air pump. 


Pressure and Vacuum Adjustments 
When cennectiens are cempleted, check and adjust 
the vacuum and pressure relief valves as fellews: 


1. Install a tape; cerrect pressure adjustments can 
net be made unless a tape is threaded cerrectly en the 
tape transpert panel, and the tape is held cerrectly in 
the vacuum guide ef the head wheel panel. 


2. Check the indicatien en the air pressure and 
vacuum gages lecated en the rear ef rack 2 befere 
running as part ef a system. The air pressure gage, 
which is calibrated in peunds-per-square-inch, sheuld 
read 3.5 te 4.5. The vacuum gage, which is calibrated 
in inches ef mercury, sheuld read 4.5 te 5.5. If these 
readings are net ebtained refer te steps 3 (vacuum 
adjustment) and 4 (air pressure adjustment) belew. 


CAUTION: Do not operate the pump for a 
period in excess of 3 minutes if the reading 
on either the vacuum or air pressure gage is 
over 10. The carbon vanes depend on air flow 
through the pump for cooling. A pressure of 
10 or a vacuum of 10 indicates the flow of air 
through the pump is getting dangerously 
low. Permanent damage to the carbon vanes 
will result if they are overheated. 


3. Te adjust the vacuum relief valve (see figure 
AP-2) leesen the knurled jam-nut en the threaded 
valve-stem. Insert a screwdriver in the slotted-end and 
held it te prevent retatien and turn the secend 
knurled nut te change the spring pressure en the 
valve. Remeve the screwdriver and read the vacuum 
gage (de net teuch the valve-stem while reading the 
gage er the reading may be erreneeus). Repeat the 
adjustment until the cerrect reading is ebtained. Then 
leck the adjustment nut with the knurled jam-nut. 


4. Te adjust the air pressure relief valve leesen the 
hex type jam-nut and change the valve spring pressure 
by turning the knurled adjusting screw. When cerrect 
air pressure is ebtained, leck the adjusting screw with 
the hex jam-nut. 

NOTE: When making pressure adjustments always 
ascertain that all portions of the air and vacuum 
systems are in place and there are no leaks in the 
lines. 
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OPERATION 


Operation of the Air Pump is cempletely automatic. 
When the tape recerder is placed in any mode of 
operation except STOP or R.F. COPY the Air Pump 
will start. The Air Pump will stop automatically after 
a preset time delay of appreximately 45 secends when- 
ever the tape recerder is returned te the STOP mode 
ef eperatien. 


MAINTENANCE 


Nermally, little maintenance sheuld be required 
except fer cleaning the filters and lubricating the air 
pump meter. If majer repairs are necessary either 
return the pump te the Gast Mfg. Cerp., Benten 
Harber, Michigan, fer guaranteed repair service, er 
preceed as eutlined under General Maintenance 
Netes. 


Cleaning Filters 

With the Air Pump stepped remeve the filter and 
muffler jars, and empty eut the entrapped selids. 
Remeve the felts frem the jars and wash them in a 
selvent such as Freen TF, alcehel, er Chlerethene. 
When the felts are clean and dry replace them care- 
fully. 


Flushing Pump 

The pump sheuld be flushed every twe er three 
menths. Te flush the pump remeve the filter assem- 
blies and, while the pump is running, add several tea- 
speenfuls ef Freen TF, alcehel (keep away frem 
any epen flame) er Chlerethene. When the felts are 


clean and dry replace them carefully. 


WARNING 
DO NOT USE KEROSENE 


Repeat the flushing precedure and then, after all ef 
the selvent has passed threugh the pump, replace the 
filter assemblies, 


WARNING 


IF THE VAPORIZED SOEVENTS 
SHOULD: PRESENT A HAZARD IN THE 
ROOM IN WHICH THE PUMP IS USED, 
PROVISIONS SHOULD BE MADE TO 
EXHAUST THE FUMES OR THE PUMP 
SHOULD BE REMOVED TO A NON- 
HAZARDOUS AREA. 
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Lubrication 
Oil the motor at least once every year with grade 
SAE10 or electric motor oil. 


CAUTION: Neuer lubricate the dry oilless 
Air Pump. The carbon vanes and grease- 
sealed bearings require no oil. 


Belt Tension 

If belt cension is correct, the belt will deflect from 
1/4 to 3/4 of an inch from a straight line when a 
2-pound force is applied to the belt, midway between 
the sheaves (see figure AP-3}. To adjust the tension 
loosen the motor mounting screws, and move the 
motor either toward or away from the pump until 
the specified tension is obtained. Then tighten the 
motor mounting screws. 


i/4 MIN, 
_ {34 MAX. 


Figure AP-3. Belf Tension Adjustment 


GENERAL MAINTENANCE NOTES 


Belt Replacement 

When replacing the belt, DO NOT force the belt 
over the sheaves. Loosen the motor to install the belt 
and adjust the tension as outlined above. 


Motor 

If the motor is replaced, check that the rotation of 
the motor agrees with the direction of retation of the 
pump. If the motor rotation is incorrect, change the 
motor connections according to the instructions on the 
rear of the motor cover. 


Pump 

General. The basic materials used in the pump are 
cast iron and steel, consequently any moisture, espe- 
cially when the pump stands idle, will tend to corrode 


the interior. This precision pump has a clearance of 


only .0015 of an. inch between the top of the rotor 
and the cylinder bore, and only .003 of an inch or 
jess clearance between each end of the rotor and the 
end plate. Any thrust on the shaft (such as forcing 
a pulley or coupling on) will tend to close these 
clearances. Foreign particles or excessive dirt or dust 
could also cause eventual jamming of pump. 


Filters. The intake and exhaust filters are not inter- 
changeable. The exhaust filter assembly is recognized 
by the two brass tubes that extend from the cap to 
almost the end of the felt filter. The vacuum filter 
assembly does not have these tubes. Each filter assem- 
bly must also be correctly oriented with reference to 
the pump. This can be determined by checking the air 
flow. In both cases air should flow into the glass jar 
first, then through the filter felt to the outlet of the 


filter assembly. 


Carbou Vanes. The precision ground vanes are 
made of hard carbon and will last from 5000 to 15,000 
hours depending upon the speed and degree of 
vacuum or pressure. Excessive dirt, foreign particles, 
or moisture could cause the vanes to stick in the 


oil, 


rotor slots and even break. 


Periodic flushing should prevent this. To replace 
the carbon vanes or inspect the pump interior only the 
dead-end plate (opposite the drive shaft end) should 
be removed. Remove the end cap screws, end cap ring, 
and rotor spacers. The dowel pins will come off with 
the end plate. The bearing shim and bearing will 
come off with the end plate. Before removing the 
bearing from the end plate, mark the face of the bear- 
ing (DON’T MARK WITH A SHARP INSTRU- 
MENT) so that it can be replaced exactly as before; 
also, donot damage the felt seal washer when remov- 
ing the bearing. The end plate should. be removed 
with an end plate puller, because a prying tool will 
damage the end plate and body surfaces. 


After the pump has been disassembled and the 
necessary work performed reassemble it in the follow- 
ing order: 

1. Insert the carbon vanes with the leveled edge 


fitting the bore. 


2. Loosen the cap screws on the drive-end of the 
motor before replacing the end plate. 


3. Place the pump in a vertical position (drive-end 
down). This should permit the pump rotor to rest 
flush on the drive-end plate. (Applying pressure on 
the dead-end of the shaft may help make this contact.) 
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4. Replace the dead-end plate and belts, tightening 7. Insert and tighten the end cap screws. 
every third or feurth bolt areund the circumference 
of the plate. 8. Tighten the end cap screws on the drive end. 


. Inse 4@ S@2 as i cut, 2 ish aya : : 
5. Insert the seal washer into the undercut, and push The preceding assembly precedure should bring the 


the bearing shim and bearing squarely down on to the 


shaft shoulder using a pusher tool and arbor press. pump rotor back to its original position. Check the 


: free movement of the rotor assembly by hand. If it 
6. Replace the spacers and end caps making sure all ey 


yaint, dirt, and burrs are removed from the end caps binds recheck to see if the parts were replaced exactly 
I ’ > I 


and the surface of the end plate. as they were originally. 


LIST OF PARTS 


Symbol No. | Stock No. | Drawing No. | Description 
AIR PUMP ASSEMBLY (DWG. #8974474-503) 1: 

Bl 921202 8725885-2 Motor: 

CRI 219262 8981614-109 Diode: centact protector 

KI 218374 8433562-1 Relay: D.P.S.T. NO 

Miscellaneeus: 

218378 8979066-1 Belt: drive 
218375 8979069-1 Bushing: pump pulley 
218527 Felt: for intake or output filter 
218520 8447038-1 Filter: intake 
218373 8979707-1 Fitting: hose stem 1/4" male N.P.T. 3/8 I.D. hose 
218526 Gasket: cover 
218522 Jar: glass 
218379 426890-20 Mounting: vibration 
218521 8447035-1 Filter: eutlet 
218377 8979067-4 Pulley: motor, 2.5 P.D. 
218376 8979067-3 Pulley: pump 3.2 B.D. 
218523 8725899-1 Pump only, less intake filter and outlet filter 
218525 Seal: washer 


218524 Vane: carbon 
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Figure AP-4. Air Pump Schematic Diagram 


